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(57) ABSTRACT 

The present invention relates to a depiction arrangement for 
security papers, value documents, electronic display devices 
or other data carriers, having a raster image arrangement for 
depicting a specified three-dimensional solid (30) that is 
given by a Solid function f(x,y,z), having 

a motif image that is subdivided into a plurality of cells 
(24), in each of which are arranged imaged regions of the 
specified solid (30), 

a viewing grid (22) composed of a plurality of viewing 
elements for depicting the specified solid (30) when the 
motif image is viewed with the aid of the viewing grid 
(22), 

the motif image exhibiting, with its Subdivision into a 
plurality of cells (24), an image function m(x,y) that is 
given by 

WK 

3K (V, y, xn, yn) 
g(x, y), 

where 

() -- 
()-(+ V(x, y, Vn, yn) | y yk y wd (x, y) 

wd (x, y) - w(x,y) 

modW 

C1 (x, y) 
and W(x, y) = w C2 (x, y) 
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REPRESENTATION SYSTEM 

0001. The present invention relates to a depiction arrange 
ment for security papers, value documents, electronic display 
devices or other data carriers for depicting one or more speci 
fied three-dimensional solid(s). 
0002 For protection, data carriers, such as value or iden 

tification documents, but also other valuable articles, such as 
branded articles, are often provided with security elements 
that permit the authenticity of the data carrier to be verified, 
and that simultaneously serve as protection against unautho 
rized reproduction. Data carriers within the meaning of the 
present invention include especially banknotes, stocks, 
bonds, certificates, Vouchers, checks, valuable admission 
tickets and other papers that are at risk of counterfeiting, Such 
as passports and other identity documents, credit cards, health 
cards, as well as product protection elements, such as labels, 
seals, packaging and the like. In the following, the term “data 
carrier encompasses all such articles, documents and prod 
uct protection means. 
0003. The security elements can be developed, for 
example, in the form of a security thread embedded in a 
banknote, a tear strip for product packaging, an applied Secu 
rity strip, a cover foil for a banknote having a through open 
ing, or a self-supporting transfer element, such as a patch or a 
label that, after its manufacture, is applied to a value docu 
ment. 

0004. Here, security elements having optically variable 
elements that, at different viewing angles, convey to the 
viewera different image impression play a special role, since 
these cannot be reproduced even with top-quality color copi 
ers. For this, the security elements can be furnished with 
security features in the form of diffraction-optically effective 
micro- or nanopatterns, such as with conventional embossed 
holograms or other hologram-like diffraction patterns, as are 
described, for example, in publications EP 0330733A1 and 
EPO O64 O67 A1. 
0005. From publication U.S. Pat. No. 5,712,731 A is 
known the use of a moire magnification arrangement as a 
security feature. The security device described there exhibits 
a regular arrangement of Substantially identical printed 
microimages having a size up to 250 um, and a regular two 
dimensional arrangement of Substantially identical spherical 
microlenses. Here, the microlens arrangement exhibits Sub 
stantially the same division as the microimage arrangement. 
If the microimage arrangement is viewed through the micro 
lens arrangement, then one or more magnified versions of the 
microimages are produced for the viewer in the regions in 
which the two arrangements are substantially in register. 
0006. The fundamental operating principle of such moire 
magnification arrangements is described in the article “The 
moiré magnifier. M. C. Hutley, R. Hunt, R. F. Stevens and P. 
Savander, Pure Appl. Opt. 3 (1994), pp. 133-142. In short, 
according to this article, moire magnification refers to a phe 
nomenon that occurs when a grid comprised of identical 
image objects is viewed through a lens grid having approxi 
mately the same grid dimension. As with every pair of similar 
grids, a moiré pattern results that, in this case, appears as a 
magnified and, if applicable, rotated image of the repeated 
elements of the image grid. 
0007 Based on that, it is the object of the present invention 
to avoid the disadvantages of the background art and espe 
cially to specify a generic depiction arrangement that offers 
great freedom in the design of the motif images to be viewed. 
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0008. This object is solved by the depiction arrangement 
having the features of the independent claims. A security 
paper and a data carrier having such depiction arrangements 
are specified in the coordinated claims. Developments of the 
present invention are the Subject of the dependent claims. 
0009. According to a first aspect of the present invention, 
a generic depiction arrangement includes a raster image 
arrangement for depicting a specified three-dimensional Solid 
that is given by a solid function f(x,y,z), having 

0.010 a motif image that is subdivided into a plurality of 
cells, in each of which are arranged pictured regions of 
the specified solid, 

0.011 a viewing grid composed of a plurality of viewing 
elements for depicting the specified solid when the motif 
image is viewed with the aid of the viewing grid, 

0012 the motif image exhibiting, with its subdivision 
into a plurality of cells, an image function m(x,y) that is 
given by 

WK 

2K (x, y, xn, yn) 

where 

modW WK X y ( -( ) vs. . . .) yk y wd (x, y) 
wd (x, y) - w(x,y) 

and W(x, y) = w C2 (x, y) 

wherein 

0013 the unit cell of the viewing grid is described by 
lattice cell vectors 

W W12 
W = and w = 

W2 W22 

and combined in the matrix 

and X, and y, indicate the lattice points of the W-lattice, 
0014 the magnification term V(x,y, x,y) is either a 
Scalar 

3KW, y, Vinyn k(x, y 2nd-1), V(x, y, x, y) = (A 

where e is the effective distance of the viewing grid from 
the motif image, or a matrix 

0015 V(x,y, X,y)-(A(x,y, Xy,)-I), the matrix 

a11(x, y, Vinyn) (12(x, y, Vinyn) 
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describing a desired magnification and movement 
behavior of the specified solid and I being the identity 
matrix, 

10016 the vector (c(x,y), c(x,y)), where Osc (x,y), 
c(x,y)<1, indicates the relative position of the center of 
the viewing elements within the cells of the motif image, 

I0017 the vector (d, (x,y), d(x,y)), where 0sd(x,y), 
d(x,y)<1, represents a displacement of the cell bound 
aries in the motif image, and 

0018 g(x,y) is a mask function for adjusting the visibil 
ity of the solid. 

0019. In the context of this description, as far as possible, 
scalars and vectors are referred to with small letters and 
matrices with capital letters. To improve diagram clarity, 
arrow symbols for marking vectors are dispensed with. Fur 
thermore, for the person of skill in the art, it is normally clear 
from the context whether an occurring variable represents a 
scalar, a vector or a matrix, or whether multiple of these 
possibilities may be considered. For example, the magnifica 
tion term V can represent either a scalar or a matrix, Such that 
no unambiguous notation with Small or capital letters is pos 
sible. In the respective context, however, it is always clear 
whether a scalar, a matrix or both alternatives may be consid 
ered. 
0020. The present invention refers basically to the produc 
tion of three-dimensional images and to three-dimensional 
images having varying image contents when the viewing 
direction is changed. The three-dimensional images are 
referred to in the context of this description as solids. Here, 
the term "solid refers especially to point sets, line systems or 
areal sections in three-dimensional space by which three 
dimensional “solids' are described with mathematical 
CaS. 

0021 For Z(x,y,x,y), in other words the Z-coordinate 
of a common point of the lines of sight with the solid, more 
than one value may be suitable, from which a value is formed 
or selected according to rules that are to be defined. This 
selection can occur, for example, by specifying an additional 
characteristic function, as explained below using the example 
of a non-transparent Solid and a transparency step function 
that is specified in addition to the solid function f. 
0022. The depiction arrangement according to the present 
invention includes a raster image arrangement in which a 
motif (the specified solid(s)) appears to float, individually and 
not necessarily as an array, in front of or behind the image 
plane, or penetrates it. Upon tilting the Security element that 
is formed by the stacked motif image and the viewing grid, the 
depicted three-dimensional image moves in directions speci 
fied by the magnification and movement matrix A. The motif 
image is not produced photographically, and also not by 
exposure through an exposure grid, but rather is constructed 
mathematically with a modulo algorithm wherein a plurality 
of different magnification and movement effects can be pro 
duced that are described in greater detail below. 
0023. In the known moiré magnifier mentioned above, the 
image to be depicted consists of individual motifs that are 
arranged periodically in a lattice. The motif image to be 
viewed through the lenses constitutes a greatly scaled down 
version of the image to be depicted, the area allocated to each 
individual motif corresponding to a maximum of about one 
lens cell. Due to the smallness of the lens cells, only relatively 
simple figures may be considered as individual motifs. In 
contrast to this, the depicted three-dimensional image in the 
"modulo mapping described here is generally an individual 
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image, it need not necessarily be composed of a lattice of 
periodically repeated individual motifs. The depicted three 
dimensional image can constitute a complex individual 
image having a high resolution. 
0024. In the following, the name component “moiré' is 
used for embodiments in which the moire effect is involved: 
when the name component “modulo’ is used, amoire effect is 
not necessarily involved. The name component "mapping 
indicates arbitrary mappings, while the name component 
"magnifier indicates that, not arbitrary mappings, but rather 
only magnifications are involved. 
0025 First, the modulo operation that occurs in the image 
function m(x,y) and from which the modulo magnification 
arrangement derives its name will be addressed briefly. For a 
vectors and an invertible 2x2 matrix W, the expressions mod 
W. as a natural expansion of the usual scalar modulo opera 
tion, represents a reduction of the vectors to the fundamental 
mesh of the lattice described by the matrix W (the “phase' of 
the vectors within the lattice W). 
0026. Formally, the expressions modW can be defined as 
follows: 

0027. Let 

d = ( il = Wis 
42 

and q n,+p, with integer neZ and 0sp,<1 (i-1,2), or in other 
words, let n, floor(q) and p, q, mod 1. Then S=Wa (nw+ 
nW2)+(p Wi+paw), wherein (nW+n-W2) is a point on the 
lattice WZ and 

S mod Wip w+p-w 

lies in the fundamental mesh of the lattice and indicates the 
phase of s with respect to the lattice W. 
0028. In a preferred embodiment of the depiction arrange 
ment of the first aspect of the present invention, the magnifi 
cation term is given by a matrix V(x,y, x,y)=(A(x,y, 
X,y)-I), where a (x,y, Xyl)-Zk(x,y, X.y.)/e, Such that 
the raster image arrangement depicts the specified Solid when 
the motif image is viewed with the eye separation being in the 
X-direction. More generally, the magnification term can be 
given by a matrix V(x,y, X,y)=(A(x,y, x,y)-I), where 
(a cost--(a2+a)cos y sin p+a22 sinj)-Zr(x,y, x, y)/ 
e. Such that the raster image arrangement depicts the specified 
solid when the motif image is viewed with the eye separation 
being in the direction up to the X-axis. 
0029. In an advantageous development of the present 
invention, in addition to the Solid function f(x,y,z), a trans 
parency step function tCX,y,z) is given, wherein t(x,y,z) is 
equal to 1 if the Solid f(x,y,z) covers the background at the 
position (x,y,z) and otherwise is equal to 0. Here, for a view 
ing direction Substantially in the direction of the Z-axis, for 
Z(x,y.X.y.), the Smallest value is to be taken for which 
t(x,y,z) is not equal to Zero in order to view the solid front 
from the outside. 
0030 Alternatively, for Z(x,y,x,y), also the largest 
value can be taken for which tox,y,z) is not equal to Zero. In 
this case, a depth-reversed (pseudoscopic) image is created in 
which the solid back is viewed from the inside. 

0031. In all variants, the values Z(x,y.X.y.) can, depend 
ing on the position of the solid with respect to the plane of 
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projection (behind or in front of the plane of projection or 
penetrating the plane of projection), take on positive or nega 
tive values, or also be 0. 
0032. According to a second aspect of the present inven 

tion, a generic depiction arrangement includes a raster image 
arrangement for depicting a specified three-dimensional Solid 
that is given by a height profile having a two-dimensional 
depiction of the Solid f(x,y) and a height function Z(x,y) that 
includes, for every point (x,y) of the specified solid, height/ 
depth information, having 

0033 a motif image that is subdivided into a plurality of 
cells, in each of which are arranged imaged regions of 
the specified solid, 

0034) a viewing grid composed of a plurality of viewing 
elements for depicting the specified solid when the motif 
image is viewed with the aid of the viewing grid, 

0035 the motif image exhibiting, with its subdivision 
into a plurality of cells, an image function m(x,y) that is 
given by 

WK 
g(x, y), where 

yk 

()-(+ V(x, (). y modw yk y 
wd (x, y) - we(x,y) 

d(x, y) 
and 

d(x, y) wax, y) = W 

wherein 
0036 the unit cell of the viewing grid is described by 
lattice cell vectors 

W W12 
W = and w = 

12 122 

and combined in the matrix 

0037 the magnification term V(x,y) is either a scalar 

V(x, y) = (st, y) 1). 

where e is the effective distance of the viewing grid from 
the motif image, or a matrix V(x,y)=(A(x,y)-I), the 
matrix 

(a11(x, y) a 12(x, y) 
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describing a desired magnification and movement 
behavior of the specified solid and I being the identity 
matrix, 

0.038 the vector (c(x,y), c(x,y)), where Osc (x,y), 
c(x,y)<1, indicates the relative position of the center of 
the viewing elements within the cells of the motif image, 

0.039 the vector (d(x,y), d(x,y)), where 0sd(x,y), 
d(x,y)<1, represents a displacement of the cell bound 
aries in the motif image, and 

0040 g(x,y) is a mask function for adjusting the visibil 
ity of the solid. 

0041. To simplify the calculation of the motif image, this 
height profile model presented as a second aspect of the 
present invention assumes a two-dimensional drawing f(x,y) 
of a Solid, wherein, for each point x,y of the two-dimensional 
image of the Solid, an additional Z-coordinate Z(x,y) indicates 
a height/depth information for that point. The two-dimen 
sional drawing f(x,y) is a brightness distribution (grayscale 
image), a color distribution (color image), a binary distribu 
tion (line drawing) or a distribution of other image properties, 
Such as transparency, reflectivity, density or the like. 
0042. In an advantageous development, in the height pro 
file model, even two height functions Z(x,y) and Z(x,y) and 
two angles (p(x,y) and (p(x,y) are specified, and the magni 
fication term is given by a matrix V(x,y)=(A(x,y)-I), where 

A(x, y) = ( (a11(x, y) a12(x, y) 
, y) = a2 (x, y) a22(x, y) 

sity y) 31(x, y) cottis (x, y) 

51(x, y). tangi (x, y) 22 (x, y) 
8 

0043. According to a variant, it can be provided that two 
height functions Z(x,y) and Z(x,y) are specified, and that the 
magnification term is given by a matrix V(x,y)=(A(x,y)-I). 
where 

22(x, y) 

Such that, upon rotating the arrangement when viewing, the 
height functions Z(x,y) and Z(x,y) of the depicted Solid 
transition into one another. 

0044. In a further variant, a height function Z(x,y) and an 
angle (p are specified, and the magnification term is given by 
a matrix V(x,y)=(A(x,y)-I), where 

31(x, y) 
O 

A(x, y) = 8 
31(x, y) tand 1 

8 

0045. In this variant, upon viewing with the eye separation 
being in the X-direction and tilting the arrangement in the 
x-direction, the depicted solid moves in the direction cp to the 
X-axis. Upon tilting in the y-direction, no movement occurs. 
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0046. In the last-mentioned variant, the viewing grid can 
also be a slot grid, cylindrical lens grid or cylindrical concave 
reflector grid whose unit cell is given by 

W 

where d is the slot or cylinder axis distance. Here, the cylin 
dricallens axis lies in the y-direction. Alternatively, the motif 
image can also be viewed with a circularaperture array or lens 
array where 

"-(a- ...) 
where de B are arbitrary. 
0047. If the cylindrical lens axis generally lies in an arbi 
trary direction Y, and if d again denotes the axis distance of the 
cylindrical lenses, then the lens grid is given by 

W = O)-(, SImy cosy O co 

and the Suitable matrix A in which no magnification or dis 
tortion is present in the direction Y is: 

31(x, y) O 

A (... 8 (... siny cosy 31(x, y) siny cosy 
tand 1 

8 

0048. The pattern produced herewith for the print or 
embossing image to be disposed behind a lens grid W can be 
viewed not only with the slotaperture array or cylindricallens 
array having the axis in the direction Y, but also with a circular 
aperture array or lens array where 

W (E O)- d TV siny cosy d. tanf8 co ) 

whereind, f can be arbitrary. 
0049. A further variant describes an orthoparallactic 3D 
effect. In this variant, two height functions Z(x,y) and Z(x,y) 
and an angle (p are specified, and the magnification term is 
given by a matrix V(x,y)=(A(x,y)-I), where 

O st y) cotti 2 
A “” (x,y) (x,y) 

8 8 
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-continued 

O 22 (x, y) 

A(x, y) = if b = 0, 
31(x, y) O 

Such that the depicted Solid, upon viewing with the eye sepa 
ration being in the X-direction and tilting the arrangement in 
the X-direction, moves normal to the X-axis. When viewed 
with the eye separation being in the y-direction and tilting the 
arrangement in the y-direction, the Solid moves in the direc 
tion (p to the X-axis. 
0050. According to a third aspect of the present invention, 
a generic depiction arrangement includes a raster image 
arrangement for depicting a specified three-dimensional Solid 
that is given by n sections f(x,y) and n transparency step 
functions t(x,y), where j=1, . . . n, wherein, upon viewing 
with the eye separation being in the X-direction, the sections 
each lie at a depth Z.Z.PZ. Depending on the position of the 
solid with respect to the plane of projection (behind or in front 
of plane of projection or penetrating the plane of projection), 
Z, can be positive or negative or also 0. f(x,y) is the image 
function of the j-th section, and the transparency step function 
t(x,y) is equal to 1 if at the position (x,y), the sectioni covers 
objects lying behind it, and otherwise is equal to 0. The 
depiction arrangement includes 

0051 a motif image that is subdivided into a plurality of 
cells, in each of which are arranged imaged regions of 
the specified solid, and 

0.052 a viewing grid composed of a plurality of viewing 
elements for depicting the specified solid when the motif 
image is viewed with the aid of the viewing grid, 

0.053 the motif image exhibiting, with its subdivision 
into a plurality of cells, an image function m(x,y) that is 
given by 

WK n(x, y) = t( ) g(x. y), where yk 

(); V -- W - 
y f 

d(x, y) 
wd (x, y) = W(C. ...) and 

w(x, y) = W (. y) } C2 (x, y) 

wherein, for j, the smallest or the largest index is to be 
taken for which 

is not equal to Zero, and wherein 
0.054 the unit cell of the viewing grid is described by 
lattice cell vectors 
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( ( W12 W = and w = 
W2 W22 

and combined in the matrix 

W W12 W = ( 
121 W22 

(0055 the magnification term V, is either a scalar 

where e is the effective distance of the viewing grid from 
the motif image, or a matrix V (A-I), the matrix 

Gli11 Gli12 
A = 

G21 (22 

describing a desired magnification and movement 
behavior of the specified solid and I being the identity 
matrix, 

0056 the vector (c(x,y), c(x,y)), where Osc (x,y).c. 
(x,y)<1, indicates the relative position of the center of 
the viewing elements within the cells of the motif image, 

0057 the vector (d, (x,y), d(x,y)), where 0sd(x,y), 
d(x,y)<1, represents a displacement of the cell bound 
aries in the motif image, and 

0.058 g(x,y) is a mask function for adjusting the visibil 
ity of the solid. 

0059. If, in selecting the index j, the smallest index is taken 
for which 

is not equal to Zero, then an image is obtained that shows the 
solid front from the outside. If, in contrast, the largest index is 
taken for which 

is not equal to Zero, then a depth-reversed (pseudoscopic) 
image is obtained that shows the solid back from the inside. 
0060. In the section plane model of the third aspect of the 
present invention, to simplify the calculation of the motif 
image, the three-dimensional Solid is specified by n sections 
f(x,y) and n transparency step functions t(x,y), where j=1,. 
... n. that each lie at a depth Z.Z.PZ upon viewing with the 
eye separation being in the x-direction. Here, f(x,y) is the 
image function of the j-th section and can indicate a bright 
ness distribution (grayscale image), a color distribution (color 
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image), a binary distribution (line drawing) or also other 
image properties. Such as transparency, reflectivity, density or 
the like. The transparency step function t(x,y) is equal to 1 if 
at the position (x,y), the section covers objects lying behind 
it, and otherwise is equal to 0. 
0061. In an advantageous embodiment of the section plane 
model, a change factor k not equal to 0 is specified and the 
magnification term is given by a matrix V (A-I), where 

Such that, upon rotating the arrangement, the depth impres 
sion of the depicted Solid changes by the change factor k. 
0062. In an advantageous variant, a change factor k not 
equal to 0 and two angles (p and (p are specified, and the 
magnification term is given by a matrix V (A-I), where 

such that the depicted solid, upon viewing with the eye sepa 
ration being in the X-direction and tilting the arrangement in 
the X-direction, moves in the direction (p to the X-axis, and 
upon viewing with the eye separation being in the y-direction 
and tilting the arrangement in the y-direction, moves in the 
direction (p to the X-axis and is stretched by the change factor 
k in the depth dimension. 
0063. According to a further advantageous variant, an 
angle (p is specified and the magnification term is given by a 
matrix V (A-I), where 

i o 
8 

A = fit -- tands 1 
8 

Such that the depicted Solid, upon viewing with the eye sepa 
ration being in the X-direction and tilting the arrangement in 
the X-direction, moves in the direction (p to the X-axis, and no 
movement occurs upon tilting in the y-direction. 
0064. In the last-mentioned variant, the viewing grid can 
also be a slot grid or cylindrical lens grid having the slot or 
cylinder axis distanced. If the cylindrical lens axis lies in the 
y-direction, then the unit cell of the viewing grid is given by 

0065. As already described above in connection with the 
second aspect of the present invention, here, too, the motif 
image can be viewed with a circular aperture array or lens 
array where 
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(a) W = 
d tanf3 d2 

where d, B are arbitrary, or with a cylindrical lens grid in 
which the cylindrical lens axes lie in an arbitrary direction Y. 
The form of W and A obtained by rotating by an angle Y was 
already explicitly specified above. 
0066. According to a further advantageous variant, a 
change factork not equal to 0 and an angle (p are specified and 
the magnification term is given by a matrix V (A-I), where 

0 kilcots 0 kill 
8 8 

A = , a is if (i) = 0 
k . . - O 

8 8 8 

Such that the depicted Solid, upon horizontal tilting, moves 
normal to the tilt direction, and upon vertical tilting, in the 
direction (p to the X-axis. 
0067. In a further variant, a change factor k not equal to 0 
and an angle (p are specified and the magnification term is 
given by a matrix V (A-I), where 

such that, irrespective of the tilt direction, the depicted solid 
always moves in the direction (p to the X-axis. 
0068. In all cited aspects of the present invention, the 
viewing elements of the viewing grid are preferably arranged 
periodically or locally periodically, the local period param 
eters in the latter case preferably changing only slowly in 
relation to the periodicity length. Here, the periodicity length 
or the local periodicity length is especially between 3 um and 
50 um, preferably between 5 um and 30 um, particularly 
preferably between about 10 um and about 20 um. Also an 
abrupt change in the periodicity length is possible if it was 
previously kept constant or nearly constant over a segment 
that is large compared with the periodicity length, for 
example for more than 20, 50 or 100 periodicity lengths. 
0069. In all aspects of the present invention, the viewing 
elements can be formed by non-cylindrical microlenses, 
especially by microlenses having a circular or polygonally 
delimited base area, or also by elongated cylindrical lenses 
whose dimension in the longitudinal direction is more than 
250 um, preferably more than 300 um, particularly preferably 
more than 500 um and especially more than 1 mm. In further 
preferred variants of the present invention, the viewing ele 
ments are formed by circularapertures, slit apertures, circular 
or slit apertures provided with reflectors, aspherical lenses, 
Fresnel lenses, GRIN (Gradient Refractive Index) lenses, 
Zone plates, holographic lenses, concave reflectors, Fresnel 
reflectors, Zone reflectors or other elements having a focusing 
or also masking effect. 
0070. In preferred embodiments of the height profile 
model, it is provided that the Support of the image function 
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is greater than the unit cell of the viewing grid W. Here, the 
Support of a function denotes, in the usual manner, the closure 
of the set in which the function is not zero. Also for the section 
plane model, the Supports of the sectional images 

are preferably greater than the unit cell of the viewing grid W. 
0071. In advantageous embodiments, the depicted three 
dimensional image exhibits no periodicity, in other words, is 
a depiction of an individual 3D motif. 
0072. In an advantageous variant of the present invention, 
the viewing grid and the motif image of the depiction arrange 
ment are firmly joined together and, in this way, form a 
security element having a stacked, spaced-apart viewing grid 
and motif image. The motif image and the viewing grid are 
advantageously arranged at opposing Surfaces of an optical 
spacing layer. The security element can especially be a secu 
rity thread, a tear Strip, a security band, a security strip, a patch 
or a label for application to a security paper, value document 
or the like. The total thickness of the security element is 
especially below 50 um, preferably below 30 um and particu 
larly preferably below 20 m. 
0073. According to another, likewise advantageous vari 
ant of the present invention, the viewing grid and the motif 
image of the depiction arrangement are arranged at different 
positions of a data carrier Such that the viewing grid and the 
motif image are stackable for self-authentication, and form a 
security element in the stacked State. The viewing grid and the 
motif image are especially stackable by bending, creasing, 
buckling or folding the data carrier. 
0074 According to a further, likewise advantageous vari 
ant of the present invention, the motif image is displayed by 
an electronic display device and the viewing grid is firmly 
joined with the electronic display device for viewing the 
displayed motif image. Instead of being firmly joined with the 
electronic display device, the viewing grid can also be a 
separate viewing grid that is bringable onto or in front of the 
electronic display device for viewing the displayed motif 
image. 
0075. In the context of this description, the security ele 
ment can thus be formed both by a viewing grid and motif 
image that are firmly joined together, as a permanent security 
element, and by a viewing grid that exists spatially separately 
and an associated motif image, the two elements forming, 
upon stacking, a security element that exists temporarily. 
Statements in the description about the movement behavior or 
the visual impression of the security element refer both to 
firmly joined permanent Security elements and to temporary 
security elements formed by stacking. 
0076. In all variants of the present invention, the cell 
boundaries in the motif image can advantageously be loca 
tion-independently displaced such that the vector (d(x,y), 
d(x,y)) occurring in the image function m(x,y) is constant. 
Alternatively, the cell boundaries in the motif image can also 
be location-dependently displaced. In particular, the motif 
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image can exhibit two or more Subregions having a different, 
in each case constant, cell grid. 
0077. A location-dependent vector (d(x,y), d(x,y)) can 
also be used to define the contour shape of the cells in the 
motif image. For example, instead of parallelogram-shaped 
cells, also cells having another uniform shape can be used that 
match one another such that the area of the motif image is 
gaplessly filled (parqueting the area of the motif image). 
Here, it is possible to define the cell shape as desired through 
the choice of the location-dependent vector (d(x,y), d(x,y)). 
In this way, the designer especially influences the viewing 
angles at which motif jumps occur. 
0078. The motif image can also be broken down into dif 
ferent regions in which the cells each exhibit an identical 
shape, while the cell shapes differ in the different regions. 
This causes, upon tilting the security element, portions of the 
motif that are allocated to different regions to jump at differ 
ent tilt angles. If the regions having different cells are large 
enough that they are perceptible with the naked eye, then in 
this way, an additional piece of visible information can be 
accommodated in the security element. If, in contrast, the 
regions are microscopic, in other words perceptible only with 
magnifying auxiliary means, then in this way, an additional 
piece of hidden information that can serve as a higher-level 
security feature can be accommodated in the Security ele 
ment. 

007.9 Further, a location-dependent vector (d, (x,y), d(x, 
y)) can also be used to produce cells that all differ from one 
another with respect to their shape. In this way, it is possible 
to produce an entirely individual security feature that can be 
checked, for example, by means of a microscope. 
0080. The mask function g that occurs in the image func 
tion m(x,y) of all variants of the present invention is, in many 
cases, advantageously identical to 1. In other, likewise advan 
tageous designs, the mask function g is Zero in Subregions, 
especially in edge regions of the cells of the motif image, and 
then limits the Solid angle range at which the three-dimen 
sional image is visible. In addition to an angle limit, the mask 
function can also describe an image field limit in which the 
three-dimensional image does not become visible, as 
explained in greater detail below. 
0081. In advantageous embodiments of all variants of the 
present invention, it is further provided that the relative posi 
tion of the center of the viewing elements is location inde 
pendent within the cells of the motif image, in other words, 
the vector (c(x,y), c(x,y)) is constant. In other designs, 
however, it can also be appropriate to design the relative 
position of the center of the viewing elements to be location 
dependent within the cells of the motif image, as explained in 
greater detail below. 
0082. According to a development of the present inven 

tion, to amplify the three-dimensional visual impression, the 
motif image is filled with Fresnel patterns, blaze lattices or 
other optically effective patterns. 
0083. In the thus-far described aspects of the present 
invention, the raster image arrangement of the depiction 
arrangement always depicts an individual three-dimensional 
image. In further aspects, the present invention also com 
prises designs in which multiple three-dimensional images 
are depicted simultaneously or in alternation. 
0084. For this, a depiction arrangement corresponding to 
the general perspective of the first inventive aspect includes, 
according to a fourth inventive aspect, a raster image arrange 
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ment for depicting a plurality of specified three-dimensional 
Solids that are given by Solid functions f(x,y,z), i=1,2,... N, 
where N21, having 

0085 a motif image that is subdivided into a plurality of 
cells, in each of which are arranged imaged regions of 
the specified solids, 

I0086 a viewing grid composed of a plurality of viewing 
elements for depicting the specified solids when the 
motif image is viewed with the aid of the viewing grid, 

0.087 the motif image exhibiting, with its subdivision 
into a plurality of cells, an image function m(x,y) that is 
given by 

0088 mCx,y)=F(h, h . . 
functions 

... hy), having the describing 

g; (x, y), where 
3K (V, y, xn, yn) 

X (): Wik X y ( )=( | Vict, y, x, y): yik y wd (x, y) 

Wii (x, y) - Wei (x, y) 

modW 

di (x, y) 
and Wei (x, y) = w C;2(x, y) 

0089 wherein F(h, h, ...h) is a master function that 
indicates an operation on the N describing functions 
h, (x,y), and wherein 

0090 the unit cell of the viewing grid is described by 
lattice cell vectors 

( W ( W12 W = and w = 
W2 W22 

and combined in the matrix 

W W12 W = ( 
121 W22 

and X, and y indicate the lattice points of the W-lattice, 
0091 the magnification terms V,(x,y, x,y) are either 
Scalars 

V(x, y, x, y) = (i. 

where e is the effective distance of the viewing grid from 
the motif image, or matrices 

0092 V(x,y, Xy,)-(A,(x,y, X,y,z)-I). the matrices 

di11(x, y, xn, yn) di 12(x, y, xn, yn) 
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each describing a desired magnification and movement 
behavior of the specified solid f, and I being the identity 
matrix, 

0093 the vectors (c, (x,y), c (x,y)), where Osc, (x,y), 
c(x,y)<1, indicate in each case, for the Solid f, the 
relative position of the center of the viewing elements 
within the cells i of the motif image, 

0094 the vectors (d(x,y), d(x,y)), where 0sd(x,y), 
d(x,y)-1, each represent a displacement of the cell 
boundaries in the motif image, and 

0.095 g(x,y) are mask functions for adjusting the vis 
ibility of the solid f. 

0096. For Z(x,y,x,y), in other words the Z-coordinate 
of a common point of the lines of sight with the solid f. more 
than one value may be suitable from which a value is formed 
or selected according to rules that are to be defined. For 
example, in a non-transparent Solid, in addition to the Solid 
function f(x,y,z), a transparency step function (characteristic 
function) t,(x,y,z) can be specified, whereint, (x,y,z) is equal 
to 1 if, at the position (x,y,z), the solid f(x,y,z) covers the 
background, and otherwise is equal to 0. For a viewing direc 
tion Substantially in the direction of the Z-axis, for Z(x,y.X. 
y), in each case the Smallest value is now to be taken for 
which t,(x,y,z) is not equal to 0, in the event that one wants 
to view the solid front. 

0097. The values Z(x,y,x,y) can, depending on the 
position of the solid in relation to the plane of projection 
(behind or in front of the plane of projection or penetrating the 
plane of projection) take on positive or negative values, or 
also be 0. 
0098. In an advantageous development of the present 
invention, in addition to the Solid functions f(x,y,z), transpar 
ency step functions t(x,y,z) are given, wherein t(x,y,z) is 
equal to 1 if at the position (x,y,z), the solid f(x,y,z) covers 
the background, and otherwise is equal to 0. Here, for a 
viewing direction Substantially in the direction of the Z-axis, 
for Z(x,y.X.y.), the Smallest value is to be taken for which 
t(x,y,z) is not equal to Zero in order to view the solid front of 
the solid f, from the outside. Alternatively, for Z(x,y,x,y), 
also the largest value can be taken for which t,(x,y,z) is not 
equal to zero in order to view the solid back of the solid f, from 
the inside. 
0099 For this, a depiction arrangement corresponding to 
the height profile model of the second inventive aspect 
includes, according to a fifth inventive aspect, a raster image 
arrangement for depicting a plurality of specified three-di 
mensional Solids that are given by height profiles having 
two-dimensional depictions of the solids f(x,y), i=1,2,...N. 
where N21, and by height functions Z(x,y), each of which 
includes height/depth information for every point (x,y) of the 
specified solid f, having 

0100 a motif image that is subdivided into a plurality of 
cells, in each of which are arranged imaged regions of 
the specified solids, 

0101 a viewing grid composed of a plurality of viewing 
elements for depicting the specified solids when the 
motif image is viewed with the aid of the viewing grid, 

0102 the motif image exhibiting, with its subdivision 
into a plurality of cells, an image function m(x,y) that is 
given by 

0103 m (x,y)=F(h, h . . 
functions 

... h), having the describing 
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Wik 
g; (x, y), where 

yik 

() -- (-C). It yik y Wii (x, y) 

Wii (x, y) - Wei (x, y) 

modW 

di (x, y) and wax, y)=(... 
0.104 wherein F(h, h, ...h) is a master function that 
indicates an operation on the N describing functions 
h, (x,y), and wherein 

0105 the unit cell of the viewing grid is described by 
lattice cell vectors 

w 112 w = () and w=() W2 W22 

and combined in the matrix 

W W12 W ( 
W2 W2 

0106 the magnification terms V(x,y) are either scalars 

V(x, y) = (sity y) 1). 

where e is the effective distance of the viewing grid from 
the motif image, or matrices 

0.107 V(x,y)=(A(x,y)-I), the matrices 

Ai(x, y) = (C. y) ai12(X, 
a;21(x, y) ai22(x, y) 

each describing a desired magnification and movement 
behavior of the specified solid f, and I being the identity 
matrix, 

0.108 the vectors (c. (x,y), c(x,y)), where Osc, (x,y). 
c(x,y)<1, indicate in each case, for the Solid f, the 
relative position of the center of the viewing elements 
within the cells i of the motif image, 

0109 the vectors (d(x,y), d(x,y)), where 0sd, (x,y), 
d(x,y)<1, each represent a displacement of the cell 
boundaries in the motif image, and 

0110 g(x,y) are mask functions for adjusting the vis 
ibility of the solid f. 

0111. A depiction arrangement corresponding to the sec 
tion plane model of the third inventive aspect includes, 
according to a sixth inventive aspect, a raster image arrange 
ment for depicting a plurality (N21) of specified three-di 
mensional solids that are each given by n, sections f(x,y) and 
n, transparency step functions t(x,y), where i=1,2,... Nand 
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j=1,2,... n., wherein, upon viewing with the eye separation 
being in the x-direction, the sections of the solid i each lie at 
a depth Z, and whereinf(x,y) is the image function of the j-th 
section of the i-th solid, and the transparency step function 
t(x,y) is equal to 1 if at the position (x,y), the section jof the 
Solidi covers objects lying behind it, and otherwise is equal to 
0, having 

0112 a motif image that is subdivided into a plurality of 
cells, in each of which are arranged imaged regions of 
the specified solids, 

0113 a viewing grid composed of a plurality of viewing 
elements for depicting the specified solids when the 
motif image is viewed with the aid of the viewing grid, 

0114 the motif image exhibiting, with its subdivision 
into a plurality of cells, an image function m(x,y) that is 
given by 

I0115 m(x,y)-F(hi, hi...... h. h. h. . . . . h. 
. . . hwish v2. . . . . hwa), 

0116 having the describing functions 

Wik hij = f( } (x, y), where yik 

() -- Wi X (::)-(). yik y Wii (x, y) 

Wii (x, y) - Wei (x, y) 

modW 

di (x, y) 
and Wei (x, y) = w C;2(x, y) 

wherein, for ij in each case, the index pair is to be taken 
for which 

t(...) f yik 

is not equal to zero and Z, is minimal or maximal, and 
(0117 wherein F(h. h. . . . . h. h. h;2. . . . . h. In 

. . . hw1. hy2, ..., hy) is a master function that indicates 
an operation on of the describing functions h(x,y), and 
wherein 

0118 the unit cell of the viewing grid is described by 
lattice cell vectors 

W W12 w =() and w = W2 W22 

and combined in the matrix 
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I0119) the magnification terms V, are either scalars 

where e is the effective distance of the viewing grid from 
the motif image, or matrices V (A-I), the matrices 

(iii.11 (iii12 
Aij = 

Gijz1 Gijz2 

each describing a desired magnification and movement 
behavior of the specified solid f, and I being the identity 
matrix, 

0120 the vectors (c, (x,y), c (x,y)), where Osc, (x,y), 
c(x,y)<1, indicate in each case, for the Solid f, the 
relative position of the center of the viewing elements 
within the cells i of the motif image, 

0121 the vectors (d(x,y), d(x,y)), where 0sd, (x,y), 
d(x,y)<1, each represent a displacement of the cell 
boundaries in the motif image, and 

I0122) g(x,y) are mask functions for adjusting the vis 
ibility of the solid f. 

I0123 All explanations given for an individual solid fin the 
first three aspects of the present invention also apply to the 
plurality of solids f, of the more general raster image arrange 
ments of the fourth to sixth aspect of the present invention. In 
particular, at least one (or also all) of the describing functions 
of the fourth, fifth or sixth aspect of the present invention can 
be designed as specified above for the image function m(x,y) 
of the first, second or third aspect of the present invention. 
0.124. The raster image arrangement advantageously 
depicts an alternating image, a motion image or a morph 
image. Here, the mask functions g, and g, can especially 
define a strip-like or checkerboard-like alternation of the vis 
ibility of the solids f. Upon tilting, an image sequence can 
advantageously proceed along a specified direction; in this 
case, expediently, strip-like mask functionsg, and g, are used, 
in other words, mask functions that, for eachi, are not equal 
to Zero only in a strip that wanders within the unit cell. In the 
general case, however, also mask functions can be chosen that 
let an image sequence proceed through curved, meander 
shaped or spiral-shaped tilt movements. 
0.125 While, in alternating images (tilt images) or other 
motion images, ideally only one three-dimensional image is 
visible simultaneously in each case, the present invention also 
includes designs in which two or more three-dimensional 
images (solids) f. are simultaneously visible for the viewer. 
Here, the master function F advantageously constitutes the 
Sum function, the maximum function, an OR function, an 
XOR function or another logic function. 
0.126 The motif image is especially present in an 
embossed or printed layer. According to an advantageous 
development of the present invention, the security element 
exhibits, in all aspects, an opaque cover layer to cover the 
raster image arrangement in some regions. Thus, within the 
covered region, no modulo magnification effect occurs. Such 
that the optically variable effect can be combined with con 
ventional pieces of information or with other effects. This 
cover layer is advantageously present in the form of patterns, 
characters or codes and/or exhibits gaps in the form of pat 
terns, characters or codes. 
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0127. If the motif image and the viewing grid are arranged 
at opposing Surfaces of an optical spacing layer, the spacing 
layer can comprise, for example, a plastic foil and/or a lacquer 
layer. 
0128. The permanent security element itself preferably 
constitutes a security thread, a tear strip, a security band, a 
security strip, a patch or a label for application to a security 
paper, value document or the like. In an advantageous 
embodiment, the security element can span a transparent or 
uncovered region of a data carrier. Here, different appear 
ances can be realized on different sides of the data carrier. 
Also two-sided designs can be used in which viewing grids 
are arranged on both sides of a motif image. 
0129. The raster image arrangements according to the 
present invention can be combined with other security fea 
tures, for example with diffractive patterns, with hologram 
patterns in all embodiment variants, metalized or not metal 
ized, with Subwavelength patterns, metalized or not metal 
ized, with subwavelength lattices, with layer systems that 
display a color shift upon tilting, semitransparent or opaque, 
with diffractive optical elements, with refractive optical ele 
ments, such as prism-type beam shapers, with special hole 
shapes, with Security features having a specifically adjusted 
electrical conductivity, with incorporated Substances having a 
magnetic code, with Substances having a phosphorescent, 
fluorescent or luminescent effect, with security features based 
on liquid crystals, with matte patterns, with micromirrors, 
with elements having a blind effect, or with sawtooth pat 
terns. Further security features with which the raster image 
arrangements according to the present invention can be com 
bined are specified in publication WO 2005/052650 A2 on 
pages 71 to 73; these are incorporated herein by reference. 
0130. In all aspects of the present invention, the image 
contents of individual cells of the motif image can be inter 
changed according to the determination of the image function 
m(x,y). 
0131 The present invention also includes methods for 
manufacturing the depiction arrangements according to the 
first to sixth aspect of the present invention, in which a motif 
image is calculated from one or more specified three-dimen 
sional Solids. The approach and the required computational 
relationships for the general perspective, the height profile 
model and the section plane model were already specified 
above and are also explained in greater detail through the 
following exemplary embodiments. 
0.132. Within the scope of the present invention, the size of 
the motif image elements and of the viewing elements is 
typically about 5 to 50 m such that also the influence of the 
modulo magnification arrangement on the thickness of the 
security elements can be kept Small. The manufacture of Such 
Small lens arrays and Such small images is described, for 
example, in publication DE 10 2005 028162 A1, the disclo 
sure of which is incorporated herein by reference. 
0133) A typical approach here is as follows: To manufac 
ture micropatterns (microlenses, micromirrors, microimage 
elements), semiconductor patterning techniques can be used, 
for example photolithography or electron beam lithography. 
A particularly suitable method consists in exposing patterns 
with the aid of a focused laser beam in photoresist. Thereafter, 
the patterns, which can exhibit binary or more complex three 
dimensional cross-section profiles, are exposed with a devel 
oper. As an alternative method, laser ablation can be used. 
0134. The original obtained in one of these ways can be 
further processed into an embossing die with whose aid the 
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patterns can be replicated, for example by embossing in UV 
lacquer, thermoplastic embossing, or by the microintaglio 
technique described in publication WO 2008/00350 A1. The 
last-mentioned technique is a microintaglio technique that 
combines the advantages of printing and embossing tech 
nologies. Details of this microintaglio method and the advan 
tages associated therewith are set forth in publication WO 
2008/00350 A1, the disclosure of which is incorporated 
herein by reference. 
0.135 An array of different embodiment variants are suit 
able for the end product: embossing patterns evaporated with 
metal, coloring through metallic nanopatterns, embossing in 
colored UV lacquer, microintaglio printing according to pub 
lication WO 2008/00350 A1, coloring the embossing patterns 
and Subsequently Squeegeeing the embossed foil, or also the 
method described in German patent application 10 2007062 
089.8 for selectively transferring an imprinting substance to 
elevations or depressions of an embossing pattern. Alterna 
tively, the motif image can be written directly into a light 
sensitive layer with a focused laser beam. 
0.136 The microlens array can likewise be manufactured 
by means of laserablation or grayscale lithography. Alterna 
tively, a binary exposure can occur, the lens shape first being 
created Subsequently through plasticization of photoresist 
(“thermal reflow). From the original—as in the case of the 
micropattern array—an embossing die can be produced with 
whose aid mass production can occur, for example through 
embossing in UV lacquer or thermoplastic embossing. 
0.137 If the modulo magnifier principle or modulo map 
ping principle is applied in decorative articles (e.g. greeting 
cards, pictures as wall decoration, curtains, table covers, key 
rings, etc.) or in the decoration of products, then the size of the 
images and lenses to be introduced is about 50 to 1,000 um. 
Here, the motif images to be introduced can be printed in 
color with conventional printing methods, such as offset 
printing, intaglio printing, relief printing, Screen printing, or 
digital printing methods, such as inkjet printing or laser print 
1ng. 
0.138. The modulo magnifier principle or modulo mapping 
principle according to the present invention can also be 
applied in three-dimensional-appearing computer and televi 
sion images that are generally displayed on an electronic 
display device. In this case, the size of the images to be 
introduced and the size of the lenses in the lens array to be 
attached in front of the screen is about 50 to 500 um. The 
screen resolution should be at least one order of magnitude 
better, such that high-resolution screens are required for this 
application. 
0.139 Finally, the present invention also includes a secu 
rity paper for manufacturing security or value documents, 
Such as banknotes, checks, identification cards, certificates 
and the like, having a depiction arrangement of the kind 
described above. The present invention further includes a data 
carrier, especially a branded article, a value document, a 
decorative article. Such as packaging, postcards or the like, 
having a depiction arrangement of the kind described above. 
Here, the viewing grid and/or the motif image of the depiction 
arrangement can be arranged contiguously, on Sub-areas or in 
a window region of the data carrier. 
0140. The present invention also relates to an electronic 
display arrangement having an electronic display device, 
especially a computer or television screen, a control device 
and a depiction arrangement of the kind described above. 
Here, the control device is designed and adjusted to display 
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the motif image of the depiction arrangement on the elec 
tronic display device. Here, the viewing grid for viewing the 
displayed motif image can be joined with the electronic dis 
play device or can be a separate viewing grid that is bringable 
onto or in front of the electronic display device for viewing 
the displayed motif image. 
0141 All described variants can be embodied having two 
dimensional lens grids in lattice arrangements of arbitrary 
low or high symmetry or in cylindrical lens arrangements. 
0142. All arrangements can also be calculated for curved 
surfaces, as basically described in publication WO 2007/ 
076952 A2, the disclosure of which is incorporated herein by 
reference. 
0143 Further exemplary embodiments and advantages of 
the present invention are described below with reference to 
the drawings. To improve clarity, a depiction to scale and 
proportion was dispensed with in the drawings. 
0144. Shown are: 
0145 FIG. 1 a schematic diagram of a banknote having an 
embedded security thread and an affixed transfer element, 
0146 FIG. 2 schematically, the layer structure of a secu 

rity element according to the present invention, in cross sec 
tion, 
0147 FIG. 3 schematically, a side view in space of a solid 
that is to be depicted and that is to be depicted in perspective 
in a motif image plane, and 
0148 FIG. 4 for the height profile model, in (a), a two 
dimensional depiction f(x,y) of a cube to be depicted, in 
central projection, in (b), the associated height/depth infor 
mation Z(x,y) in gray encoding, and in (c), the image function 
m(x,y) calculated with the aid of these specifications. 
014.9 The invention will now be explained using the 
example of security elements for banknotes. For this, FIG. 1 
shows a schematic diagram of a banknote 10 that is provided 
with two security elements 12 and 16 according to exemplary 
embodiments of the present invention. The first security ele 
ment constitutes a security thread 12 that emerges at certain 
window regions 14 at the surface of the banknote 10, while it 
is embedded in the interior of the banknote 10 in the regions 
lying therebetween. The second security element is formed 
by an affixed transfer element 16 of arbitrary shape. The 
security element 16 can also be developed in the form of a 
cover foil that is arranged over a window region or a through 
opening in the banknote. The security element can be 
designed for viewing in top view, looking through, or for 
viewing both in top view and looking through. 
0150. Both the security thread 12 and the transfer element 
16 can include a modulo magnification arrangement accord 
ing to an exemplary embodiment of the present invention. The 
operating principle and the inventive manufacturing method 
for Such arrangements are described in greater detail in the 
following based on the transfer element 16. 
0151. For this, FIG. 2 shows, schematically, the layer 
structure of the transfer element 16, in cross section, with only 
the portions of the layer structure being depicted that are 
required to explain the functional principle. The transfer ele 
ment 16 includes a substrate 20 in the form of a transparent 
plastic foil, in the exemplary embodiment a polyethylene 
terephthalate (PET) foil about 20 um thick. 
0152 The top of the substrate foil 20 is provided with a 
grid-shaped arrangement of microlenses 22 that form, on the 
surface of the substratefoil, a two-dimensional Bravais lattice 
having a prechosen symmetry. The Bravais lattice can exhibit, 
for example, a hexagonal lattice symmetry. However, also 
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other, especially lower, symmetries and thus more general 
shapes are possible. Such as the symmetry of a parallelogram 
lattice. 

0153. The spacing of adjacent microlenses 22 is prefer 
ably chosen to be as Small as possible in order to ensure as 
high an areal coverage as possible and thus a high-contrast 
depiction. The spherically or aspherically designed micro 
lenses 22 preferably exhibit a diameter between 5um and 50 
um and especially a diameter between merely 10 um and 35 
um and are thus not perceptible with the naked eye. It is 
understood that, in other designs, also larger or Smaller 
dimensions may be used. For example, the microlenses in 
modulo magnification arrangements can exhibit, for decora 
tive purposes, a diameter between 50 um and 5 mm, while in 
modulo magnification arrangements that are to be decodable 
only with a magnifier or a microscope, also dimensions below 
5um can be used. 
0154) On the bottom of the carrier foil 20 is arranged a 
motif layer 26 that includes a motif image, subdivided into a 
plurality of cells 24, having motif image elements 28. 
(O155 The optical thickness of the substrate foil 20 and the 
focal length of the microlenses 22 are coordinated with each 
other such that the motif layer 26 is located approximately the 
lens focal length away. The substrate foil 20 thus forms an 
optical spacing layer that ensures a desired, constant separa 
tion of the microlenses 22 and the motif layer 26 having the 
motif image. 
0156 To explain the operating principle of the modulo 
magnification arrangements according to the present inven 
tion, FIG.3 shows, highly schematically, a side view of a solid 
30 in space that is to be depicted in perspective in the motif 
image plane 32, which in the following is also called the plane 
of projection. 
(O157 Very generally, the solid 30 is described by a solid 
function f(x,y,z) and a transparency step function tCx,y,z), 
wherein the Z-axis stands normal to the plane of projection 32 
spanned by the X- and y-axis. The solid function f(x,y,z) 
indicates a characteristic property of the Solid at the position 
(x,y,z), for example a brightness distribution, a color distri 
bution, a binary distribution or also other solid properties, 
Such as transparency, reflectivity, density or the like. Thus, in 
general, it can represent not only a scalar, but also a vector 
valued function of the spatial coordinates X, y and Z. The 
transparency step function tCX,y,z) is equal to 1 if at the 
position (x,y,z), the solid covers the background, and other 
wise, so especially if the Solid is transparent or not present at 
the position (x,y,z), is equal to 0. 
0158. It is understood that the three-dimensional image to 
be depicted can comprise not only a single object, but also 
multiple three-dimensional objects that need not necessarily 
be related. The term "solid used in the context of this 
description is used in the sense of an arbitrary three-dimen 
sional pattern and includes patterns having one or more sepa 
rate three-dimensional objects. 
0159. The arrangement of the microlenses in the lens 
plane 34 is described by a two-dimensional Bravais lattice 
whose unit cell is specified by vectors w and w (having the 
components W. W. and W. W). In compact notation, the 
unit cell can also be specified in matrix form by a lens grid 
matrix W: 
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W = (v, u)=( ) 
0160. In the following, the lens grid matrix W is also often 
simply called a lens matrix or lens grid. In place of the term 
lens plane, also the term pupil plane is used in the following. 
The positions x, y, in the pupil plane, referred to below as 
pupil positions, constitute the lattice points of the W lattice in 
the lens plane 34. 
0161 In the lens plane 34, in place of lenses 22, also, for 
example, circular apertures can be used, according to the 
principle of the pinhole camera. 
0162 Also all other types of lenses and imaging systems, 
Such as aspherical lenses, cylindrical lenses, slit apertures, 
circular or slit apertures provided with reflectors, Fresnel 
lenses, GRIN lenses (Gradient Refractive Index), Zone plates 
(diffraction lenses), holographic lenses, concave reflectors, 
Fresnel reflectors, Zone reflectors and other elements having 
a focusing or also a masking effect, can be used as viewing 
elements in the viewing grid. 
0163. In principle, in addition to elements having a focus 
ing effect, also elements having a masking effect (circular or 
slot apertures, also reflector surfaces behind circular or slot 
apertures) can be used as viewing elements in the viewing 
grid. 
(0164. When a concave reflector array is used, and with 
other reflecting viewing grids used according to the present 
invention, the viewer looks through the in this case partially 
transmissive motif image at the reflector array lying therebe 
hind and sees the individual small reflectors as light or dark 
points of which the image to be depicted is made up. Here, the 
motif image is generally so finely patterned that it can be seen 
only as a haze. The formulas described for the relationships 
between the image to be depicted and the motif image apply 
also when this is not specifically mentioned, not only for lens 
grids, but also for reflector grids. It is understood that, when 
concave reflectors are used according to the present inven 
tion, the reflector focal length takes the place of the lens focal 
length. 
0.165 If, in place of a lens array, a reflector array is used 
according to the present invention, the viewing direction in 
FIG. 2 is to be thought from below, and in FIG. 3, the planes 
32 and 34 in the reflector array arrangement are interchanged. 
The present invention is described based on lens grids, which 
stand representatively for all other viewing grids used accord 
ing to the present invention. 
0166 With reference to FIG. 3 again, e denotes the lens 
focal length (in general, the effective distance e takes into 
account the lens data and the refractive index of the medium 
between the lens grid and the motif grid). A point (x,y,z) 
of the solid 30 in space is illustrated in perspective in the plane 
of projection 32, with the pupil position (x, y, 0). 
0167 The value f(x,y,z (x,y.X.y.)) that can be seen in 
the Solid is plotted at the position (X.y.e) in the plane of 
projection 32, wherein (Xy Z(x,y,x,y)) is the common 
point of the solid 30 having the characteristic function tCX.y.z) 
and line of sight (x, y0), (x, y, e) having the smallest 
Z-value. Here, any sign preceding Z is taken into account Such 
that the point having the most negative Z-value is selected 
rather than the point having the Smallest Z-value in terms of 
absolute value. 
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0168 If, initially, only a solid standing in space without 
movement effects is viewed upon tilting the magnification 
arrangement, then the motif image in the motif plane 32 that 
produces a depiction of the desired solid when viewed 
through the lens grid W arranged in the lens plane 34 is 
described by an image function m(x,y) that, according to the 
present invention, is given by: 

(sts ya ym) 1). (): 
(modw)- w () 

3K (V, y, xn, yn) 

WK 

f yk 

2K (x, y, xn, yn) 

wherein, for Z(x,y,x,y), the Smallest value is to be taken 
for which tox,y,z) is not equal to 0. 
0169. Here, the vector (c,c) that in the general case can 
be location dependent, in other words can be given by (c1(X, 
y), c(x,y)), where Osc (x,y), c (x,y)-1, indicates the rela 
tive position of the center of the viewing elements within the 
cells of the motif image. 
0170 The calculation of Z(x,y,x,y) is, in general, very 
complex since 10,000 to 1,000,000 and more positions (x, 
y) in the lens raster image must be taken into account. Thus, 
Some methods are listed below in which Z becomes indepen 
dent from (x,y) (height profile model) or even becomes 
independent from (x,y,x,y) (section plane model). 
0171 First, however, another generalization of the above 
formula is presented in which not only solids standing in 
space are depicted, but rather in which the Solid that appears 
in the lens grid device changes in depth when the viewing 
direction changes. For this, instead of the Scalar magnifica 
tion V-Z(x,y.X.y.)/e, a magnification and movement matrix 
A(x,y,x,y) is used in which the term V–Z(x,y,x,y)/e is 
included. 
(0172. Then 

X 

( +A(x, y, Xin, yn) - i) y 

X (modw)- w () 
2K (x, y, xn, yn) 

Cl 

results for the image function m(x,y). With 

WK 

yk 

C2 3K (V, y, xn, yn) 

the raster image arrangement represents the specified solid 
when the motif image is viewed with the eye separation being 
in the X-direction. If the raster image arrangement is to depict 
the specified solid when the motif image is viewed with the 
eye separation being in the direction up to the X-axis, then the 
coefficients of A are chosen such that 

is fulfilled. 

Height Profile Model 
0173 To simplify the calculation of the motif image, for 
the height profile, a two-dimensional drawing f(x,y) of a solid 
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is assumed wherein, for each point x,y of the two-dimensional 
image of the Solid, an additional Z-coordinate Z(x,y) indicates 
how far away, in the real solid, this point is located from the 
plane of projection 32. Here, Z(x,y) can take on both positive 
and negative values. 
0.174 For illustration, FIG. 4(a) shows a two-dimensional 
depiction 40 of a cube in central projection, a gray value f(x,y) 
being specified at every image point(x,y). In place of a central 
projection, also a parallel projection, which is particularly 
easy to produce, or another projection method can, of course, 
be used. The two-dimensional depiction f(x,y) can also be a 
fantasy image, it is important only that, in addition to the gray 
(or general color, transparency, reflectivity, density, etc.) 
information, height/depth information Z(x,y) is allocated to 
every image point. Such a height depiction 42 is shown sche 
matically in FIG. 4(b) in gray encoding, image points of the 
cube lying in front being depicted in white, and image points 
lying further back, in gray or black. 
0.175. In the case of a pure magnification, for the image 
function, the specifications of f(x,y) and Z(x,y) yield 

mix)=f()+(5–1) (modw)- w (). 
0176 FIG. 4(c) shows the thus calculated image function 
m(x,y) of the motif image 44, which produces, given Suitable 
Scaling when viewed with a lens grid 

w=(O" ...) O 2 mm 

the depiction of a three-dimensional-appearing cube behind 
the plane of projection. 
0177. If not only solids standing in space are to be 
depicted, but rather the Solids appearing in the lens grid 
device are to change in depth when the viewing direction 
changes, then the magnification V-Z(x,y)/e is replaced by a 
magnification and movement matrix A(x,y): 

the magnification and movement matrix A(x,y) being given, 
in the general case, by 

A(x, y) = ( (a11(x, y) a 12(x, y) 
, y) = a21(x, y) dz2(x, y) 

sity y) 22 (x, y) cosd2(x, y) 

31(x, y) tangil (X, y) 22 (x, y) 
8 

0.178 For illustration, some special cases are treated: 
EXAMPLE1 

0179 Two height functions Z(x,y) and Z(x,y) are speci 
fied Such that the magnification and movement matrix A(x,y) 
acquires the form 
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31(x, y) O 
8 

A(x, y) = "" s(x, y) 
8 

0180. Upon rotating the arrangement when viewing, the 
height functions Z(x,y) and Z(x,y) of the depicted Solid 
transition into one another. 

EXAMPLE 2 

0181 Two height functions Z(x,y) and Z(x,y) and two 
angles (p and p2 are specified Such that the magnification and 
movement matrix A(x,y) acquires the form 

31(x, y) 32(x, y) cotti 
8 8 

A(x, y) = (*) (x,y) 22 (x, y) 
tand 1 

8 8 

0182. Upon rotating the arrangement when viewing, the 
height functions of the depicted Solid transition into one 
another. The two angles (p and (p have the following signifi 
CaCC 

0183. Upon normal viewing (eye separation direction in 
the X-direction), the solid is seen in height relief Z(x,y), and 
upon tilting the arrangement in the X-direction, the Solid 
moves in the direction (p to the X-axis. 
0184. Upon viewing at a 90° rotation (eye separation 
direction in the y-direction), the solid is seen in height relief 
Z(x,y), and upon tilting the arrangement in the y-direction, 
the Solid moves in the direction (p to the X-axis. 

EXAMPLE 3 

0185. A height function Z(x,y) and an angle pare speci 
fied Such that the magnification and movement matrix A(x,y) 
acquires the form 

31(x, y) 
O 

A(x, y) = 8 
31(x, y) ... tand 1 

8 

0186. Upon normal viewing (eye separation direction in 
the X-direction) and tilting the arrangement in the X-direction, 
the solid moves in the direction (p to the X-axis. Upon tilting 
in the y-direction, no movement occurs. 
0187. In this exemplary embodiment, the viewing is also 
possible with a suitable cylindrical lens grid, for example 
with a slot grid or cylindrical lens grid whose unit cell is given 
by 

where d is the slot or cylinder axis distance, or with a circular 
aperture array or lens array where 
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where de B are arbitrary. 
0188 In a cylindrical lens axis in an arbitrary direction Y 
and having an axis distanced, in other words a lens grid 

(, .) 
the Suitable matrix is A, in which no magnification or distor 
tion is present in the direction Y: 

( d O W = 
d tanf3 d2 

cosy - sin w = y y siny cosy 

31(x, y) O 

... It 31(x, y) 
tand 1 

A ( -Siny cosy Siny 
siny cosy -siny ...) 

8 

0189 The pattern produced herewith for the print or 
embossing image to be disposed behind a lens grid W can be 
viewed not only with the slotaperture array or cylindricallens 
array having the axis in the direction Y, but also with a circular 
aperture array or lens array, where 

da, B being able to be arbitrary. 

cosy - sin w = y y siny cosy 

EXAMPLE 4 

(0190. Two height functions Z(x,y) and Z(x,y) and an 
angle (p are specified Such that the magnification and move 
ment matrix A(x,y) acquires the form 

O st y) cotti 
A(x, y) = “” (x,y) (x,y) 

8 8 

O 32(x, y) 

A(x, y) = if b = 0 
31(x, y) O 

8 

0191 Upon rotating the arrangement when viewing, the 
height functions of the depicted Solid transition into one 
another. 
0.192 Further, the arrangement exhibits an orthoparallac 

tic 3D effect wherein, upon usual viewing (eye separation 
direction in the X-direction) and upon tilting the arrangement 
in the X-direction, the Solid moves normal to the X-axis. 
0193 Upon viewing at a 90° rotation (eye separation 
direction in the y-direction) and upon tilting the arrangement 
in the y-direction, the solid moves in the direction (p to the 
X-ax1S. 
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0.194. A three-dimensional effect comes about here upon 
usual viewing (eye separation direction in the X-direction) 
solely through movement. 

Section Plane Model 

0.195. In the section plane model, to simplify the calcula 
tion of the motif image, the three-dimensional Solid is speci 
fied by n sections f(x,y) and n transparency step functions 
t(x,y), where j=1,... n. that each lie, for example, at a depth 
Z, Z-Z, upon viewing with the eye separation being in the 
x-direction. The A-matrix must then be chosen such that the 
upper left coefficient is equal to Z/e. 
(0196. Here, f(x,y) is the image function of the j-th section 
and can indicate a brightness distribution (grayscale image), 
a color distribution (color image), a binary distribution (line 
drawing) or also other image properties, such as transparency, 
reflectivity, density or the like. The transparency step function 
t(x,y) is equal to 1 if at the position (x,y), the sectioni covers 
objects lying behind it, and otherwise is equal to 0. 
(0197) Then 

results for the image function m(x,y), whereinj is the Smallest 
index for which 

is not equal to Zero. 
0198 A woodcarving-like or copperplate-engraving-like 
3D image is obtained if, for example, the sections f, t, are 
described by multiple function values in the following man 

(0199 f-black-white value (or grayscale value) on the 
contour line or black-white values (or grayscale values) in 
differently extended regions of the sectional figure that adjoin 
at the edge, and 

Opacity (covering power) 
within the sectional figure of the solid 

Opacity (covering power) 
outside the sectional figure of the solid 

0200. To illustrate the section plane model, here, too, some 
special cases will be treated: 

EXAMPLE 5 

0201 In the simplest case, the magnification and move 
ment matrix is given by 
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0202 The depth remains unchanged for all viewing direc 
tions and all eye separation directions, and upon rotating the 
arrangement. 

EXAMPLE 6 

0203. A change factork not equal to 0 is specified such that 
the magnification and movement matrix A, acquires the form 

0204 Upon rotating the arrangement, the depth impres 
sion of the depicted Solid changes by the change factor k. 

EXAMPLE 7 

0205. A change factor k not equal to 0 and two angles (p 
and (p are specified such that the magnification and move 
ment matrix A, acquires the form 

2. i 2. i 

'i t 8 8 

A = 2. i 
'i tand k. 'i 
8 8 

0206. Upon normal viewing (eye separation direction in 
the X-direction) and tilting the arrangement in the X-direction, 
the Solid moves in the direction (p to the X-axis, and upon 
viewing at a 90° rotation (eye separation direction in the 
y-direction) and tilting the arrangement in the y-direction, the 
solid moves in the direction (p to the X-axis and is stretched by 
the factor k in the depth dimension. 

EXAMPLE 8 

0207. An angle p is specified such that the magnification 
and movement matrix A, acquires the form 

i () 
8 

A = 
f tand, 1 

8 

0208. Upon normal viewing (eye separation direction in 
the X-direction) and tilting the arrangement in the X-direction, 
the solid moves in the direction (p to the X-axis. Upon tilting 
in the y-direction, no movement occurs. 
0209. In this exemplary embodiment, the viewing is also 
possible with a suitable cylindrical lens grid, for example 
with a slot grid or cylindrical lens grid whose unit cell is given 
by 

where d is the slot or cylinder axis distance. 
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EXAMPLE 9 

0210. A change factor k not equal to 0 and an angle (p are 
specified such that the magnification and movement matrix A, 
acquires the form 

0 k. cottis 

's, 5, 
8 8 

0 k. 

A ; = if f = 0. 
f 3i O 

8 

0211 Upon horizontal tilting, the depicted solid tilts nor 
mal to the tilt direction, and upon vertical tilting, the solid tilts 
in the direction (p to the X-axis. 

EXAMPLE 10 

0212. A change factor k not equal to 0 and an angle (p are 
specified such that the magnification and movement matrix A, 
acquires the form 

i i k . . . cot 8 cott), 
A = 3i f f -- tal k. -- 8 (p1 8 

0213 Irrespective of the tilt direction, the depicted solid 
always moves in the direction (p to the X-axis. 

COMBINED EMBODIMENTS 

0214. In the following, further embodiments of the present 
invention are depicted that are each explained using the 
example of the height profile model, in which the solid that is 
to be depicted is depicted, in accordance with the above 
explanation, by a two-dimensional drawing f(x,y) and a 
height specification Z(x,y). However, it is understood that the 
embodiments described below can also be used in the context 
of the general perspective and the section plane model, 
wherein the two-dimensional function f(x,y) is then replaced 
by the three-dimensional functions f(x,y,z) and t(x,y,z) or the 
sectional images f(x,y) and t(x,y). 
0215 For the height profile model, the image function 
m(x,y) is generally given by 

WK n(x, y) = f ) g(x. y), where 
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0216. The magnification term V(x,y) is generally a matrix 
V(x,y)=(A(x,y)-I), the matrix 

(a11(x, y) a 12(x, y) 

describing the desired magnification and movement behavior 
of the specified solid, and I being the identity matrix. In the 
special case of a pure magnification without movement effect, 
the magnification term is a Scalar 

V(x, y) = (st y) 1). 

0217. The vector (c(x,y), c(x,y)), where Osc (x,y), c (x, 
y)<1, indicates the relative position of the center of the view 
ing elements within the cells of the motif image. The vector 
(d(x,y), d(x,y)), where 0sd(x,y), d(x,y)<1, represents a 
displacement of the cell boundaries in the motif image, and 
g(x,y) is a mask function for adjusting the visibility of the 
solid. 

EXAMPLE 11 

0218 For some applications, an angle limit when viewing 
the motif images can be desired, i.e. the depicted three-di 
mensional image should not be visible from all directions, or 
even should be perceptible only in a small solid angle range. 
0219. Such an angle limit can be advantageous especially 
in combination with the alternating images described below, 
since the alternation from one motif to the other is generally 
not perceived by both eyes simultaneously. This can lead to an 
undesired double image being visible during the alternation 
as a Superimposition of adjacent image motifs. However, if 
the individual images are bordered by an edge of suitable 
width, such a visually undesired Superimposition can be Sup 
pressed. 
0220. Further, it has become evident that the imaging qual 

ity can possibly deteriorate considerably when the lens array 
is viewed obliquely from above: while a sharp image is per 
ceptible when the arrangement is viewed vertically, in this 
case, the image becomes less sharp with increasing tilt angle 
and appears blurry. For this reason, an angle limit can also be 
advantageous for the depiction of individual images if it 
masks out especially the areal regions between the lenses that 
are probed by the lenses only at relatively high tilt angles. In 
this way, the three-dimensional image disappears for the 
viewer upon tilting before it can be perceived blurrily. 
0221) Such an angle limit can be achieved through a mask 
function gz 1 in the general formula for the motif image 
m(x,y). A simple example of Such a mask function is 

for (x, y)modW = i (wl, w) + 12 (w2, w?2) 
where k11 is is k12 and k21 is 2 sk22 ()- 

0 otherwise 

where 0<=k-1. In this way, only a section of the lattice cell 
(W1, W21), (W12, W22) is used, namely the region k(W, 
w) to k(w, w) in the direction of the first lattice vector 
and the region k-1 (W12, W22) to k22 (W12, W22) in the direction 
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of the second lattice vector. As the sum of the two edge 
regions, the width of the masked-out strips is (k+(1-k)) 
(W11, W21) or (k21+(1-k22)) (W12, W22). 
0222. It is understood that the function g(x,y) can, in gen 
eral, specify the distribution of covered and uncovered areas 
within a cell arbitrarily. 
0223. In addition to an angle limit, mask functions can, as 
an image field limit, also define regions in which the three 
dimensional image does not become visible. In this case, the 
regions in which g 0 can extend across a plurality of cells. 
For example, the embodiments cited below having adjacent 
images can be described by Such macroscopic mask func 
tions. Generally, a mask function for limiting the image field 
is given by 

in regions in which the 3D 
1 in regions in which the 3D image is to be visible 

O 
image is not to be visible 

0224. When a mask function gz 1 is used, in the case of 
location-independent cell boundaries in the motif image, one 
obtains from the formula for the image function m(x,y): 

mix, y)= f()+(A-1) (modw)-W(I) g(x, y). 

EXAMPLE 12 

0225. In the examples described thus far, the vector (d(x, 
y), d(x,y)) was identical to Zero and the cell boundaries were 
distributed uniformly across the entire area. In some embodi 
ments, however, it can also be advantageous to location 
dependently displace the grid of the cells in the motif plane in 
order to achieve special optical effects upon changing the 
viewing direction. With g=1, the image function m(x,y) is 
then represented in the form 

(): w(E)-now 
w(E. - W d(x, y) C2 

where 0s d(x,y), d(x,y) ?1. 

EXAMPLE 13 

0226. Also the vector (c(x,y), c(x,y)) can be a function of 
the location. With g=1, the image function m(x,y) is then 
represented in the form 

()+(A-1) (modw)-W (...) 
where Osc (x,y), c(x,y) ?1. Here, too, of course, the vector 
(d(x,y), d(x,y)) can be not equal to Zero and the movement 
matrix A(x,y) location dependent such that, for g=1, 
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d 1(x, y) modw 
d(x, y) 

- w () C2 (x, y) 

generally results, where Osc (x,y), c2(x,y); d(x,y), d(x,y) 
<1. 

0227. As explained above, the vector (c(x,y), c(x,y)) 
describes the position of the cells in the motif image plane 
relative to the lens array W, the grid of the lens centers being 
able to be viewed as the reference point set. If the vector 
(c(x,y), c (x,y)) is a function of the location, then this means 
that changes from (c(x,y), c(x,y)) manifest themselves in a 
change in the relative positioning between the cells in the 
motif image plane and the lenses, which leads to fluctuations 
in the periodicity of the motif image elements. 
0228. For example, a location dependence of the vector 
(c(x,y), c(x,y)) can advantageously be used if a foil web is 
used that, on the front, bears a lens embossing having a 
contiguously homogeneous grid W. If a modulo magnifica 
tion arrangement having location-independent (c(x,y), c(X, 
y)) is embossed on the reverse, then it is left to chance which 
features are perceived from which viewing angles if no exact 
registration is possible between the front and reverse emboss 
ing. If on the other hand, (c(x,y), c(x,y)) is varied trans 
verse to the foil running direction, then a strip-shaped region 
that fulfills the required positioning between the front and 
reverse embossing is found in the running direction of the foil. 
0229. Furthermore, (c(x,y), c(x,y)) can, for example, 
also be varied in the running direction of the foil in order to 
find, in every strip in the longitudinal direction of the foil, 
sections that exhibit the correct register. In this way, it can be 
prevented that metalized hologram Strips or security threads 
look different from banknote to banknote. 

EXAMPLE 1.4 

0230. In a further exemplary embodiment, the three-di 
mensional image is to be visible not only when viewed 
through a normal circular/lens grid, but also when viewed 
through a slot grid or cylindrical lens grid, with especially a 
non-periodically-repeating individual image being able to be 
specified as the three-dimensional image. 
0231. This case, too, can be described by the general for 
mula for m(x,y), wherein, if the motif image to be applied is 
not transformed in the slot/cylinder direction with respect to 
the image to be depicted, a special matrix A is required that 
can be determined as follows: 

0232. If the cylinder axis direction lies in the y-direction 
and if the cylinder axis distance is d, then the slot or cylindri 
cal lens grid is described by: 

(, .) 
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0233. The suitable matrix A, in which no magnification or 
distortion is present in the y-direction, is then: 

* 0 
8 

31 tand 1 
8 

all O 

0234. Here, in the relationship (A-IOW, the matrix (A-I) 
operates only on the first row of W such that W can represent 
an infinitely long cylinder. 
0235. The motif image to be applied, having the cylinder 
axis in the y-direction, then results in: 

()- ("") ( 

V1 coscil O 
a2 1 V1 sing 1 

a11 - 1 O 
a21 O modw)- w ()= 

X + (a11 - 1) ((modd) - d. C1) 
( y + a2 . (modd) - d. C1) 

wherein it is also possible that the support of 

("") () 
does not fit in a cell W. and is so large that the pattern to be 
applied displays no complete continuous images in the cells. 
The pattern produced in this way permits viewing not only 
with the slot aperture array or cylindrical lens array 

(, .) 
but also with a circular aperture array or lens array, where 

d and B being arbitrary. 

a11 - 1 O 
a21 O 

d O w = d tanf3 d2 

Combined Embodiments for Depicting Multiple Solids 
0236. In the previous explanations, the modulo magnifi 
cation arrangement usually depicts an individual three-di 
mensional image (solid) when viewed. However, the present 
invention also comprises designs in which multiple three 
dimensional images are depicted simultaneously or in alter 
nation. In simultaneous depiction, the three-dimensional 
images can especially exhibit different movement behaviors 
upon tilting the arrangement. For three-dimensional images 
depicted in alternation, they can especially transition into one 
another upon tilting the arrangement. The different images 
can be independent of one another or related to one another as 
regards content, and depict, for example, a motion sequence. 
0237 Here, too, the principle is explained using the 
example of the height profile model, it again being under 
stood that the described embodiments can, given appropriate 
adjustment or replacement of the functions f(x,y), also be 
used in the context of the general perspective with solid 
functions f(x,y,z) and transparency step functions t(x,y,z), or 
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in the context of the section plane model with sectional 
images f(x,y) and transparency step functions t(x,y). 
0238 A plurality N21 of specified three-dimensional sol 
ids are to be depicted that are given by height profiles having 
two-dimensional depictions of the Solids f(x,y), i=1,2,... N 
and by height functions Z(x,y) that each include height/depth 
information for every point (x,y) of the specified solid f. For 
the height profile model, the image function m(x,y) is then 
generally given by 

0239 m(x,y)=F(h, h . . . h), having the describing 
functions 

h;(x, y) = f Wik ) g(x. y), 
yik 

where 

Wii (x, y) - Wei (x, y) 

di (x, y) 
and Wei (x, y) = w C;2(x, y) 

0240 Here, F(h, h . . . h) is a master function that 
indicates an operation on the N describing functions h(x,y). 
The magnification terms V, (x,y) are either scalars 

V(x, y) = (st y) - 1) 

where e is the effective distance of the viewing grid from the 
motif image, or matrices 

0241 V(x,y)=(A(x,y)-I), the matrices 

Ai(x, y) = (C. y) ai12(X, 
a;21(x, y) ai22(x, y) 

each describing the desired magnification and movement 
behavior of the specified solid f, and I being the identity 
matrix. The Vectors (c, (x,y), c,CX,y)), where Osc, (x,y), 
c(x,y)-1, indicate in each case, for the solid f, the relative 
position of the center of the viewing elements within the cells 
i of the motif image. The vectors (d, (x,y), d(x,y)), where 
0sd(x,y), d(x,y)-1, each represent a displacement of the 
cell boundaries in the motif image, and g(x,y) are mask 
functions for adjusting the visibility of the solid f. 

EXAMPLE 1.4 

0242 A simple example for designs having multiple 
three-dimensional images (solids) is a simple tilt image in 
which two three-dimensional solids f(x,y) and f(x,y) alter 
nate as soon as the security element is tilted appropriately. At 
which viewing angles the alternation between the two solids 
takes place is defined by the mask functions g and g. To 
prevent both images from being visible simultaneously— 
even when viewed with only one eye the supports of the 
functions g and g are chosen to be disjoint. 
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0243 The sum function is chosen as the master function F. 
In this way, for the image function of the motif image m(x,y), 

results, wherein, for a checkerboard-like alternation of the 
visibility of the two images, 

1 
for (x, y)modW = i (wl, w) + i (w2, w?) 
where 0 < t t < 0.5 or 0.5 s it, i < 1 

0 otherwise 

where 0 < t t < 0.5 or 0.5 s it, i < 1 
for (x, y)modW = i (wl, w) + i (w2, w?) 

1 otherwise 

is chosen. In this example, the boundaries between the image 
regions in the motif image were chosen at 0.5 Such that the 
areal sections belonging to the two images f, and f, are of 
equal size. Of course the boundaries can, in the general case, 
be chosen arbitrarily. The position of the boundaries deter 
mines the Solid angle ranges from which the two three-dimen 
sional images are visible. 
0244 Instead of checkerboard-like, the depicted images 
can also alternate stripwise, for example through the use of 
the following mask functions: 

for (x, y)modW = i (wl, w) + i (w2, w?) 
where 0 < t < 0.5 or it is arbitrary 

0 otherwise 

for (x, y)modW = i (wl, w) + i (w2, w?) 
where 0 < t < 0.5 or it is arbitrary 

1 otherwise 

0245. In this case, an alternation of the image information 
occurs if the security element is tilted along the direction 
indicated by the vector (w, w), while tilting along the 
second vector (w, w), in contrast, leads to no image alter 
nation. Here, too, the boundary was chosen at 0.5, i.e. the area 
of the motif image was subdivided into strips of the same 
width that alternatingly include the pieces of information of 
the two three-dimensional images. 
0246. If the strip boundaries lie exactly under the lens 
center points or the lens boundaries, then the Solid angle 
ranges at which the two images are visible are distributed 
equally: beginning with the vertical top view, viewed from the 
right half of the hemisphere, first one of the two three-dimen 
sional images is seen, and from the left half of the hemisphere, 
first the other three-dimensional image. In general, the 
boundary between the strips can, of course, belaid arbitrarily. 

EXAMPLE 1.5 

0247. In the modulo morphing or modulo cinema now 
described, the different three-dimensional images are directly 
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associated in meaning, in the case of the modulo morphing, a 
start image morphing over a defined number of intermediate 
stages into an end image, and in the modulo cinema, simple 
motion sequences preferably being shown. 
0248 Let the three-dimensional images be given in the 
height profile model by images 

and Z(x,y) . . . Z(x,y) that, upon tilting along the direction 
specified by the vector (w, w) are to appear in Succession. 
To achieve this, a subdivision into strips of equal width is 
carried out with the aid of the mask functions g. If here, too, 
W 0 is chosen for i=1 ... n and the Sum function used as the 
master function F, then, for the image function of the motif 
image, 

"2 (...)". 
for (x, y)modW = i (wl, w) + 12 (w2, w?2) 

X 1 i - 1 i 
gi where - g i < - and it is arbitrary 

it. it. 

0 otherwise 

results. Generalized, here, too, instead of the regular Subdi 
vision expressed in the formula, the strip width can be chosen 
to be irregular. It is indeed expedient to call up the image 
sequence by tilting along one direction (linear tilt movement), 
but this is not absolutely mandatory. Instead, the morph or 
movement effects can, for example, also be played back 
through meander-shaped or spiral-shaped tilt movements. 

EXAMPLE 16 

0249. In examples 14 and 15, the goal was principally to 
always allow only a single three-dimensional image to be 
perceived from a certain viewing direction, but not two or 
more simultaneously. However, within the scope of the 
present invention, the simultaneous visibility of multiple 
images is likewise possible and can lead to attractive optical 
effects. Here, the different three-dimensional images f, can be 
treated completely independently from one another. This 
applies to both the image contents in each case and to the 
apparent position of the depicted objects and their movement 
in space. 
0250 While the image contents can be rendered with the 
aid of drawings, position and movement of the depicted 
objects are described in the dimensions of the space with the 
aid of the movement matrices A. Also the relative phase of the 
individual depicted images can be adjusted individually, as 
expressed by the coefficients c, in the general formula for 
m(x,y). The relative phase controls at which viewing direc 
tions the motifs are perceptible. If, for the sake of simplicity, 
the unit function is chosen in each case for the mask functions 
g, if the cell boundaries in the motif image are not displaced 
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location dependently, and if the sum function is chosen as the 
master function F, then, for a series of stacked three-dimen 
Sional images f: 

mix, y)=Xt()+(A-1) (modw-W-CD 
i 

results. 
0251. In the superimposition of multiple images, the use of 
the sum function as the master function corresponds, depend 
ing on the character of the image function f, to an addition of 
the gray, color, transparency or density values, the resulting 
image values typically being set to the maximum value when 
the maximum value range is exceeded. 
0252. However, it can also be more favorable to choose 
other functions than the sum function for the master function 
F, for example an OR function, an exclusive or (XOR) func 
tion or the maximum function. Further possibilities consist in 
choosing the signal having the lowest function value, or as 
above, forming the sum of all function values that meet at a 
certain point. If there is a maximum upper limit, for example 
the maximum exposure intensity of a laser exposure device, 
then the Sum can be cut off at this maximum value. 
0253) Through suitable visibility functions, blending and 
Superimposition of multiple images, also e.g. "3D X-ray 
images' can be depicted, an "outer skin' and an “inner skel 
eton” being blended and Superimposed. 

EXAMPLE 17 

0254 All embodiments discussed in the context of this 
description can also be arranged adjacent to one another or 
nested within one another, for example as alternating images 
oras Stacked images. Here, the boundaries between the image 
portions need not run in a straight line, but rather can be 
designed arbitrarily. In particular, the boundaries can be cho 
sen such that they depict the contour lines of symbols or 
lettering, patterns, shapes of any kind, plants, animals or 
people. 
0255. In preferred embodiments, the image portions that 
are arranged adjacent to or nested within one another are 
viewed with a uniform lens array. In addition, also the mag 
nification and movement matrix A of the different image 
portions can differ in order to facilitate, for example, special 
movement effects of the individual magnified motifs. It can 
be advantageous to control the phase relationship between the 
image portions so that the magnified motifs appear in a 
defined separation to one another. 

DEVELOPMENTS FOR ALL, EMBODIMENTS 

0256 With the aid of the above-described formulas for the 
motif image m(x,y), it is possible to calculate the micropat 
tern plane such that, when viewed with the aid of a lens grid, 
it renders a three-dimensional-appearing object. In principle, 
this is based on the fact that the magnification factor is loca 
tion dependent, so the motif fragments in the different cells 
can also exhibit different sizes. 
0257. It is possible to intensify this three-dimensional 
impression by filling areas of different slopes with blaze 
lattices (sawtooth lattices) whose parameters differ from one 
another. Here, a blaze lattice is defined by indicating the 
parameters azimuth angled, period d and slope C. 
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0258. This can be explained graphically using so-called 
Fresnel patterns: The reflection of the impinging light at the 
Surface of the pattern is decisive for the optical appearance of 
a three-dimensional pattern. Since the volume of the solid is 
not crucial for this effect, it can be eliminated with the aid of 
a simple algorithm. Here, round areas can be approximated 
by a plurality of Small planar areas. 
0259. In eliminating the volume, care must be taken that 
the depth of the patterns lies in a range that is accessible with 
the aid of the intended manufacturing processes and within 
the focus range of the lenses. Furthermore, it can be advan 
tageous if the period d of the Sawteeth is large enough to 
largely avoid the creation of colored-appearing diffraction 
effects. 
0260 This development of the present invention is thus 
based on combining two methods for producing three-dimen 
sional-seeming patterns: location-dependent magnification 
factor and filling with Fresnel patterns, blaze lattices or other 
optically effective patterns, such as Subwavelength patterns. 
0261. In calculating a point in the micropattern plane, not 
only the value of the height profile at this position is taken into 
account (which is incorporated in the magnification at this 
position), but also optical properties at this position. In con 
trast to the cases discussed so far in which also binary patterns 
in the micropattern plane sufficed, in order to realize this 
development of the present invention, a three-dimensional 
patterning of the micropattern plane is required. 

EXAMPLE 

Three-Sided Pyramid 
0262 Due to the location-dependent magnification, differ 
ent sized fragments of the three-sided pyramid are accommo 
dated in the cells of the micropattern plane. To each of the 
three sides is allocated a blaze lattice that differ with respect 
to its azimuth angle. In the case of a straight equilateral 
pyramid, the azimuth angles are 0°, 120° and 240°. All areal 
regions that depict side 1 of the pyramid are furnished with 
the blaze lattice having azimuth 0° irrespective of its size 
defined by the location-dependent A-matrix. The procedure is 
applied accordingly with sides 2 and 3 of the pyramid: they 
are filled with blaze lattices having azimuth angles 120° (side 
2) and 240° (side 3). Through vapor deposition with metal 
(e.g. 50 nm aluminum) of the three-dimensional micropattern 
plane created in this way, the reflectivity of the surface is 
increased and the 3D effect further amplified. 
0263. A further possibility consists in the use of light 
absorbing patterns. In place of blaze lattices, also patterns can 
be used that not only reflect light, but that also absorb it to a 
high degree. This is normally the case when the depth/width 
aspect ratio (period or quasiperiod) is relatively high, for 
example 1/1 or 2/1 or higher. The period or quasiperiod can 
extend from the range of Subwavelength patterns up to micro 
patterns—this also depends on the size of the cells. How dark 
an area is to appear can be controlled, for example, via the 
areal density of the patterns or the aspect ratio. Areas of 
differing slope can be allocated to patterns having absorption 
properties of differing intensity. 
0264. Lastly, a generalization of the modulo magnification 
arrangement is mentioned in which the lens elements (or the 
viewing elements in general) need not be arranged in the form 
of a regular lattice, but rather can be distributed arbitrarily in 
space with differing spacing. The motif image designed for 
viewing with Such a general viewing element arrangement 

20 
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can then no longer be described in modulo notation, but is 
unambiguously defined by the following relationship 

-l e prx, (x, y), ez 

0265. Here, 
0266 pr: R->R, pr(x, y, z)=(x, y) 

is the projection on the XY plane, 
0267 <a,b) 

represents the Scalar product, where <(x, y, z), e->, the Scalar 
product of (x, y, z) with e- (0, 0, 1) yields the Z component, 
and the set notation 

(0268) (Ax)={(a,x)laeA} 
was introduced for abbreviation. Further, the characteristic 
function is used that, for a set A, is given by 

1 if x e A 

0 otherwise YA (x) ={ 

and the circular grid or lens grid W={w, w, w, ...} is given 
by an arbitrary discrete subset of R. 
0269. The perspective mapping to the grid point w(x, 
y, Z.) is given by 
p: R->R, 

(Z, -Z)) 

0270. A subset M(w) of the plane of projection is allocated 
to each grid point we W. Here, for different grid points, the 
associated Subsets are assumed to be disjoint. 
(0271 Let the solid K to be modeled be defined by the 
function f=(f, f,): R->R, wherein 

1 if x e K 

0 otherwise 

0272 f(x, y, z) is the brightness of the solid K at the 
position (x,y,z). 

0273. Then the above-mentioned formula can be under 
stood as follows: 

X as y) A p" (, y, mir P. f. (1) n prics, y). c) l,if (x,y) in Solid "" inge cit of w Perspective image 
of the solid 

Perspective image of the solid 
intersected with the vertical 

straight line over (x,y) 

Mininian z-value,so the font edge of the 
perspective inage of the solid 

Brightness at the front edge of the solid 

1. A depictionarrangement for security papers, value docu 
ments, electronic display devices or other data carriers, hav 
ing a raster image arrangement for depicting a specified three 
dimensional Solid that is given by a Solid function f(x,y,z), 
having 
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a motif image that is Subdivided into a plurality of cells, in 
each of which are arranged imaged regions of the speci 
fied solid, 

a viewing grid composed of a plurality of viewing elements 
for depicting the specified solid when the motif image is 
viewed with the aid of the viewing grid, 

the motif image exhibiting, with its Subdivision into a 
plurality of cells, an image function m(x,y) that is given 
by 

WK 

-- yk 3K (V, y, xn, yn) 
g(x, y), 

where 

( ( + V(x, y, x, ..() + w(x, y modw) yk y 
wd (x, y) - we(x, y) 

C1 (x, y) 
d(x, y) ) and w(x, y) = w 

wherein 
the unit cell of the viewing grid is described by lattice cell 

Vectors 

W W w =() and w =() W2 W2 

and combined in the matrix 

and X, and y indicate the lattice points of the W-lattice, 
the magnification term V(x,y, x,y) is either a scalar 

3K (v, y, \m yn) 1). V(x, y, x, y) = (A 

where e is the effective distance of the viewing grid from 
the motif image, or a matrix 

V(x,y, X,y)=(A(x,y, X,y)-I), the matrix 

a11(x, y, xn, yn) (12(x, y, xm, 
A(x, y, xn, yn) -( (21(x, y, xn, yn) (22(x, y, xn, yn) 

describing a desired magnification and movement 
behavior of the specified solid and I being the identity 
matrix, 

the Vector (c1(x,y), c2(x,y)), where Osc (x,y), c2(X,y)<1, 
indicates the relative position of the center of the view 
ing elements within the cells of the motif image, 

the vector (d(x,y), d(x,y)), where 0sd(x,y), d(x,y)-1, 
represents a displacement of the cell boundaries in the 
motif image, and 
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g(x,y) is a mask function for adjusting the visibility of the 
solid. 

2. The depiction arrangement according to claim 1, char 
acterized in that the magnification term is given by a matrix 
V(x,y, X,y)-(A(x,y, Xy,)-I). where all (x,y, x, y,n)Zx 
(x,y, X,y)/e, Such that the raster image arrangement depicts 
the specified solid when the motif image is viewed with the 
eye separation being in the X-direction. 

3. The depiction arrangement according to claim 1, char 
acterized in that the magnification term is given by a matrix 
V(x,y, x,y)=(A(x,y, x,y)-I), where (a cosy--(a12+ 
a)cos ) sin p+a22 sinj)-Z(x,y, x, y)/e. 

Such that the raster image arrangement depicts the speci 
fied solid when the motif image is viewed with the eye 
separation being in the direction up to the X-axis. 

4. The depiction arrangement according to claim 1, char 
acterized in that, in addition to the Solid function f(x,y,z), a 
transparency step function tCx,y,z) is given, whereint(x,y,z) is 
equal to 1 if at the position (x,y,z), the Solid f(x,y,z) covers the 
background, and otherwise is equal to 0, and wherein, for a 
viewing direction Substantially in the direction of the Z-axis, 
for Z(x,y,x,y), the Smallest value is to be taken for which 
t(x,y,z) is not equal to Zero in order to view the solid front 
from the outside, and wherein, for a viewing direction sub 
stantially in the direction of the Z-axis, for Z(x,y,x,y), the 
largest value is to be taken for which t(x,y,z) is not equal to 
Zero in order to view the solid back from the inside. 

5. A depictionarrangement for security papers, value docu 
ments, electronic display devices or other data carriers, hav 
ing a raster image arrangement for depicting a specified three 
dimensional Solid that is given by a height profile having a 
two-dimensional depiction of the Solid f(x,y) and a height 
function Z(x,y) that includes, for every point (x,y) of the 
specified solid, height/depth information, having 

a motif image that is Subdivided into a plurality of cells, in 
each of which are arranged imaged regions of the speci 
fied solid, 

a viewing grid composed of a plurality of viewing elements 
for depicting the specified solid when the motif image is 
viewed with the aid of the viewing grid, 

the motif image exhibiting, with its Subdivision into a 
plurality of cells, an image function m(x,y) that is given 
by 

where 

y wd (x, y) - we(x,y) 

C1 (x, y) 
d(x, y) and W(x, y) = w C2 (x, y) 

wherein 

the unit cell of the viewing grid is described by lattice cell 
Vectors 
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W W12 
W = and w = 

12 122 

and combined in the matrix 

the magnification term V(x,y) is either a scalar 

V(x, y) = (st, y) 1). 

where e is the effective distance of the viewing grid from 
the motif image, or a matrix 

V(x,y)=(A(x,y)-I), the matrix 

(a11(x, y) a 12(x, y) 
a21 (x, y) a22(x, y) 

describing a desired magnification and movement 
behavior of the specified solid and I being the identity 
matrix, 

the vector (c1(x,y), c2(x,y)), where Osc (x,y), c(x,y)-1, 
indicates the relative position of the center of the view 
ing elements within the cells of the motif image, 

the vector (d(x,y), d(x,y)), where 0sd(x,y), d(x,y)-1, 
represents a displacement of the cell boundaries in the 
motif image, and 

g(x,y) is a mask function for adjusting the visibility of the 
solid. 

6. The depiction arrangement according to claim 5, char 
acterized in that two height functions Z(x,y) and Z(x,y) and 
two angles (p(x,y) and p(x,y) are specified, and in that the 
magnification term is given by a matrix V(x,y)=(A(x,y)-I). 
where 

A(x, y) = ( (a11(x, y) a 12(x, y) 
, y) = a21(x, y) dz2(x, y) 

sity y) 22 (x, y) cottis (x, y) 

31(x, y) tangil (X, y) 22 (x, y) 

7. The depiction arrangement according to claim 5, char 
acterized in that two height functions Z(x,y) and Z(x,y) are 
specified, and in that the magnification term is given by a 
matrix V(x,y)=(A(x,y)-I), where 

22 
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22(x, y) 

8. The depiction arrangement according to claim 5, char 
acterized in that a height function Z(x,y) and an angle (p are 
specified, and in that the magnification term is given by a 
matrix V(x,y)=(A(x,y)-I), where 

31(x, y) 

8 

O 

tand 1 

such that the depicted solid, upon viewing with the eye 
separation being in the X-direction and tilting the 
arrangement in the X-direction, moves in the direction (p 
to the X-axis, and upon tilting in the y-direction, no 
moVement OCCurS. 

9. The depiction arrangement according to claim 8, char 
acterized in that the viewing grid is a slot grid, cylindrical lens 
grid or cylindrical concave reflector grid whose unit cell is 
given by 

where d is the slot or cylinder axis distance. 
10. The depiction arrangement according to claim 5, char 

acterized in that a height function Z(x,y), an angle (p and a 
direction, by an angle Y, are specified, and in that the magni 
fication term is given by a matrix V(x,y)=(A(x,y)-I), where 

31(x, y) O 

A (... 8 (... siny cosy 31(x, y) -siny cosy 
8 

tand 1 

11. The depiction arrangement according to claim 10, char 
acterized in that the viewing grid is a slot grid, cylindrical lens 
grid or cylindrical concave reflector grid whose unit cell is 
given by 

cosy - sin d O W = ( )(, ) SImy cosy O co 

wherein d indicates the slot or cylinder axis distance and Y 
the direction of the slot or cylinder axis. 

12. The depiction arrangement according to claim 5, char 
acterized in that two height functions Z(x,y) and Z(x,y) and 
an angle (p are specified, and in that the magnification term is 
given by a matrix V(x,y)=(A(x,y)-I), where 
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O sity y) cotti 
A(x, y) = “” (x,y) (x,y) 

8 8 

O 32(x, y) 

A(x, y) = 8 if (i) = 0 
31(x, y) O 

such that the depicted solid, upon viewing with the eye 
separation being in the X-direction and tilting the 
arrangement in the X-direction, moves normal to the 
X-axis, and upon viewing with the eye separation being 
in the y-direction and tilting the arrangement in the 
y-direction, the depicted Solid moves in the direction (p 
to the X-axis. 

13. A depiction arrangement for security papers, value 
documents, electronic display devices or other data carriers, 
having a raster image arrangement for depicting a specified 
three-dimensional solid that is given by n sections f(x,y) and 
in transparency step functions t(x,y), where j=1, . . . n. 
wherein, upon viewing with the eye separation being in the 
X-direction, the sections each lie at a depth Z, Z-Z, and 
wherein f(x,y) is the image function of the j-th section, and 
the transparency step function t(x,y) is equal to 1 if at the 
position (x,y), the section covers objects lying behind it, and 
otherwise is equal to 0, having 

a motif image that is Subdivided into a plurality of cells, in 
each of which are arranged imaged regions of the speci 
fied solid, 

a viewing grid composed of a plurality of viewing elements 
for depicting the specified solid when the motif image is 
viewed with the aid of the viewing grid, 

the motif image exhibiting, with its Subdivision into a 
plurality of cells, an image function m(x,y) that is given 
by 

WK m(x, y) = r 
where 

()-(())) yk 
wd (x, y) - we(x, y) 

C1 (x, y) 
d(x, y) and we(x, y) = w C2 (x, y) 

wherein, for j, the smallest or the largest index is to be 
taken for which 

is not equal to Zero, and wherein 
the unit cell of the viewing grid is described by lattice cell 

Vectors 
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( W ( W12 W = and w = 
W2 W22 

and combined in the matrix 

W W12 W = ( 
121 W22 

the magnification term V, is either a scalar 

where e is the effective distance of the viewing grid from 
the motif image, or a matrix V (A-I), the matrix 

Gli11 Gli12 
A = 

G21 (22 

describing a desired magnification and movement 
behavior of the specified solid and I being the identity 
matrix, 

the Vector (c1(x,y), c2(X,y)), where Osc (x,y), c2(X,y)<1, 
indicates the relative position of the center of the view 
ing elements within the cells of the motif image, 

the vector (d(x,y), d(x,y)), where 0sd(x,y), d(x,y)-1, 
represents a displacement of the cell boundaries in the 
motif image, and 

g(x,y) is a mask function for adjusting the visibility of the 
solid. 

14. The depiction arrangement according to claim 13, char 
acterized in that a change factor k not equal to 0 is specified 
and the magnification term is given by a matrix V (A-I), 
where 

Such that, upon rotating the arrangement, the depth impres 
sion of the depicted Solid changes by the change factork. 

15. The depiction arrangement according to claim 13, char 
acterized in that a change factor k not equal to 0 and two 
angles (p and (p are specified, and the magnification term is 
given by a matrix V (A-I), where 

i i k . . . cot 8 cott: 
A = 3i f f -- tal k. -- 8 (p1 8 

such that the depicted solid, upon viewing with the eye 
separation being in the X-direction and tilting the 
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arrangement in the X-direction, moves in the direction (p 
to the X-axis, and upon viewing with the eye separation 
being in the y-direction and tilting the arrangement in 
the y-direction, moves in the direction (p to the X-axis 
and is stretched by the change factor k in the depth 
dimension. 

16. The depiction arrangement according to claim 13, char 
acterized in that an angle (p is specified, and in that the 
magnification term is given by a matrix V (A-I), where 

such that the depicted solid, upon viewing with the eye 
separation being in the X-direction and tilting the 
arrangement in the X-direction, moves in the direction (p 
to the X-axis, and no movement occurs upon tilting in the 
y-direction. 

17. The depiction arrangement according to claim 16, char 
acterized in that the viewing grid is a slot grid, cylindricallens 
grid or cylindrical concave reflector grid whose unit cell is 
given by 

where d is the slot or cylinder axis distance. 
18. The depiction arrangement according to claim 13, char 

acterized in that an angle (p and a direction, by an angley, are 
specified and that the magnification term is given by a matrix 
V (A-I), where 

i 
cosy -Siny 8 

A -( ) i 
O 

cosy Sny 

siny cosy -- tand 1 (... ...) 
8 

19. The depiction arrangement according to claim 18, char 
acterized in that the viewing grid is a slot grid, cylindricallens 
grid or cylindrical concave reflector grid whose unit cell is 
given by 

cosy - sin d O w=( )(, ) SImy cosy O co 

whereind indicates the slot or cylinder axis distance and Y the 
direction of the slot or cylinder axis. 

20. The depiction arrangement according to claim 13, char 
acterized in that a change factork not equal to 0 and an angle 
(p are specified, and in that the magnification term is given by 
a matrix V (A-I), where 
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2. i 2. i 0 k . . . cotch 0 k.d. 
8 8 

A = i i , A = i if f = 0 
k . . - O 

8 8 8 

Such that the depicted Solid, upon horizontal tilting, moves 
normal to the tilt direction, and upon vertical tilting, in 
the direction (p to the X-axis. 

21. The depiction arrangement according to claim 13, char 
acterized in that a change factork not equal to 0 and an angle 
(pare specified, and in that the magnification term is given by 
a matrix V (A-I), where 

Such that the depicted Solid always moves, independently 
of the tilt direction, in the direction cp to the x-axis. 

22. The depiction arrangement according to claim 1, char 
acterized in that the cell boundaries in the motif image are 
location-dependently displaced, preferably in that the motif 
image exhibits two or more Subregions having a different, in 
each case constant, cell grid. 

23. The depiction arrangement according to claim 1, char 
acterized in that the mask function g is identical to 1. 

24. The depiction arrangement according to claim 1, char 
acterized in that the mask function g is Zero in Subregions, 
especially in edge regions of the cells of the motif image, and 
in this way describes an angle limit when the depicted image 
is viewed. 

25. The depiction arrangement according to claim 1, char 
acterized in that the relative position of the center of the 
viewing elements is location independent within the cells of 
the motif image, in other words the vector (c,c) is constant. 

26. The depiction arrangement according to claim 1, char 
acterized in that the relative position of the center of the 
viewing elements is location dependent within the cells of the 
motif image. 

27. A depiction arrangement for security papers, value 
documents, electronic display devices or other data carriers, 
having a raster image arrangement for depicting a plurality of 
specified three-dimensional Solids that are given by solid 
functions f(x,y,z), i=1,2,... N, where M21, having 

a motif image that is Subdivided into a plurality of cells, in 
each of which are arranged imaged regions of the speci 
fied solids, 

a viewing grid composed of a plurality of viewing elements 
for depicting the specified solids when the motif image 
is viewed with the aid of the viewing grid, 

the motif image exhibiting, with its Subdivision into a 
plurality of cells, an image function m(x,y) that is given 
by 
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m(x,y)=F(h, h, ... hy), having the describing functions 

3ik (v, y, xn, yn) 
'gi (x, y), 

where 

Wik X (C)=(): yik y 

V(x, y, xn, yn) ( X + Wii (x, y modw) - Wii (x, y) - Wei (X, y) y 

di (x, y) C;1(x, y) 
wd (x, y) = W(C. and Wei (x, y) = WC. ...) 

wherein F(h, h, ... hy) is a master function that indicates 
an operation on the N describing functions h(x,y), and 
wherein 

the unit cell of the viewing grid is described by lattice cell 
Vectors 

w 112 
w = and w = 

W2 W22 

and combined in the matrix 

and X, and y indicate the lattice points of the W-lattice, 
the magnification terms V,(x,y, x,y) are either scalars 

Šikov, y, vinym). 1). V(x, y, x, y) = (i. 

where e is the effective distance of the viewing grid from 
the motif image, or matrices 

V,(x,y, X,y)=(A,(x,y, X,y)-I), the matrices 

di11(x, y, xn, yn) di12(x, y, xn, yn) 

each describing a desired magnification and movement 
behavior of the specified solid f, and I being the identity 
matrix, 

the Vectors (c, (x,y), c2(X,y)), where Osc, (x,y).c2(x,y) 
<1, indicate in each case, for the solid f, the relative 
position of the center of the viewing elements within the 
cells i of the motif image, 

the Vectors (d.1(x,y), d2Ox,y)), where 0s d(x,y), d2Ox,y) 
<1, each represent a displacement of the cell boundaries 
in the motif image, and 

g(x,y) are mask functions for adjusting the visibility of the 
solid f. 

28. The depiction arrangement according to claim 27, char 
acterized in that, in addition to the Solid functions f(x,y,z), 
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transparency step functions t(x,y,z) are given, whereint,(X, 
y, z) is equal to 1 if, at the position (x,y,z), the solid f(x,y,z) 
covers the background, and otherwise is equal to 0, and 
wherein, for a viewing direction substantially in the direction 
of the Z-axis, for Z(x,y,x,y), the Smallest value is to be 
taken for which t(x,y,z) is not equal to Zero in order to view 
the solid front of the solid f from the outside, and wherein, for 
a viewing direction Substantially in the direction of the Z-axis, 
for Z(x,y,x,y), the largest value is to be taken for which 
t(x,y,z) is not equal to Zero in order to view the Solid back of 
the solid f, from the inside. 

29. A depiction arrangement for security papers, value 
documents, electronic display devices or other data carriers, 
having a raster image arrangement for depicting a plurality of 
specified three-dimensional Solids that are given by height 
profiles having two-dimensional depictions of the Solids f(x, 
y), i=1,2,... N, where N21, and by height functions Z(x,y), 
each of which includes height/depth information for every 
point (x,y) of the specified solid f, having 

a motif image that is Subdivided into a plurality of cells, in 
each of which are arranged imaged regions of the speci 
fied solids, 

a viewing grid composed of a plurality of viewing elements 
for depicting the specified solids when the motif image 
is viewed with the aid of the viewing grid, 

the motif image exhibiting, with its subdivision into a 
plurality of cells, an image function m(x,y) that is given 
by 

m(x,y)=F(h, h, ... hy), having the describing functions 

g; (x, y), where 

X 

( = ()+ V(x, (). y modw 
yiK Vy Wii (x, y) - Wei (x, y) 

d;1(x, y) C;1(x, y) 
wi(x, y) = W ( di2(X, and Wei (x, y) = W(C. (x, y) } 

wherein F(h, h, ...h) is a master function that indicates 
an operation on the N describing functions h(x,y), and 
wherein 

the unit cell of the viewing grid is described by lattice cell 
Vectors 

W W12 
w = and w = 

W2 W22 

and combined in the matrix 
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the magnification terms V,(x,y) are either scalars 

V(x, y) = (at y) 1). 

where e is the effective distance of the viewing grid from 
the motif image, or matrices V,(x,y)=(Ai(x,y)-I), the 
matrices 

each describing a desired magnification and movement 
behavior of the specified solid f, and I being the identity 
matrix, 

the Vectors (c., (x,y), c.(x,y)), where Osc, (x,y), c (x,y) 
<1, indicate in each case, for the solid f, the relative 
position of the center of the viewing elements within the 
cells i of the motif image, 

the Vectors (d.1(x,y), d2Ox,y)), where 0s d(x,y), d2Ox,y) 
<1, each represent a displacement of the cell boundaries 
in the motif image, and 

g(x,y) are mask functions for adjusting the visibility of the 
solid f. 

30. A depiction arrangement for security papers, value 
documents, electronic display devices or other data carriers, 
having a raster image arrangement for depicting a plurality 
(N21) of specified three-dimensional solids that are each 
given by n, sections f(x,y) and n, transparency step functions 
t(x,y), where i=1,2,... Nandj=1,2,... n., wherein, upon 
viewing with the eye separation being in the X-direction, the 
sections of the solidi each lie at a depth Z, and whereinf(x,y) 
is the image function of the j-th section of the i-th Solid, and 
the transparency step function tOx,y) is equal to 1 if at the 
position (x,y), the section of the Solid i covers objects lying 
behind it, and otherwise is equal to 0, having 

a motif image that is Subdivided into a plurality of cells, in 
each of which are arranged imaged regions of the speci 
fied solids, 

a viewing grid composed of a plurality of viewing elements 
for depicting the specified solids when the motif image 
is viewed with the aid of the viewing grid, 

the motif image exhibiting, with its Subdivision into a 
plurality of cells, an image function m(x,y) that is given 
by 

m(x,y)-F(hi, ha, ... sh in h21, h22. . . . h2n, . . . . hw1.hv2 
• • s hy), 

having the describing functions 

Wik hij = f( } (x, y), where yik 

X 

Wik X ( + Wii (x, y modw) (::)-() (; yik Vy Wii (x, y) - Wei (x, y) 

di (x, y) C;1(x, y) 
wd (x, y) = w di2(x, and Wei (x, y) = W(C. y) 
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wherein, for ij in each case, the index pair is to be taken 
for which 

is not equal to Zero and Z, is minimal or maximal, and 
wherein F(h, h12. . . . he h21. h22. - - - h2, shw1. 
hy. . . . , hy) is a master function that indicates an 
operation on the describing functions h(x,y), and 
wherein 

the unit cell of the viewing grid is described by lattice cell 
Vectors 

w 12 w = () and w =() W2 W22 

and combined in the matrix 

the magnification terms V, are either scalars 

effective distance of the viewing grid from the motif 
image, or matrices V (A-I), the matrices 

(iii.11 (iii12 
Ai; Gijz1 Gijz2 

each describing a desired magnification and movement 
behavior of the specified solid f, and I being the identity 
matrix, 

the Vectors (c, (x,y), c2(X,y)), where Osc, (x,y).c2(X,y) 
<1, indicate in each case, for the solid f, the relative 
position of the center of the viewing elements within the 
cells i of the motif image, 

the Vectors (d(x,y), d(x,y)), where Osd(x,y).d(x,y) 
<1, each represent a displacement of the cell boundaries 
in the motif image, and 

g(x,y) are mask functions for adjusting the visibility of the 
solid f. 

31. The depiction arrangement according to claim 27, char 
acterized in that at least one of the describing functions h(x,y) 
or h(x,y) is designed according to an image function m(x,y) 
that is given by 

| y), where 
3K (V, y, xn, yn) 
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-continued 
X 

( ( + V(x, y, x, ..( + w(x, y modw 
K wd (x, y,) - w(x, y) 

d(x, y) C1 (x, y) 
wd (x, y) = w(E. and W(x, y) = w(. ...) 

32. The depiction arrangement according to claim 27, char 
acterized in that the raster image arrangement depicts an 
alternating image, a motion image or a morph image. 

33. The depiction arrangement according to claim 27, char 
acterized in that the mask functions g, and g, define a strip 
like or checkerboard-like alternation of the visibility of the 
solids f. 

34. The depiction arrangement according to claim 27, char 
acterized in that the master function F constitutes the sum 
function. 

35. The depiction arrangement according to claim 27, char 
acterized in that two or more three-dimensional solids f, are 
visible simultaneously. 

36. The depiction arrangement according to claim 1, char 
acterized in that the viewing grid and the motif image are 
firmly joined together to form a security element having a 
stacked, spaced-apart viewing grid and motif image. 

37. The depiction arrangement according to claim 36, char 
acterized in that the motif image and the viewing grid are 
arranged at opposing surfaces of an optical spacing layer. 

38. The depiction arrangement according to claim 36, char 
acterized in that the security element is a security thread, a 
tear Strip, a security band, a security strip, a patch or a label for 
application to a security paper, value document or the like. 

39. The depiction arrangement according to claim 36, char 
acterized in that the total thickness of the security element is 
below 50 lum, preferably below 30 um and particularly pref 
erably below 20 Lum. 

40. The depiction arrangement according to claim 1, char 
acterized in that the viewing grid and the motif image are 
arranged at different positions of a data carrier Such that the 
viewing grid and the motif image are stackable for self 
authentication and form a security element in the stacked 
State. 

41. The depiction arrangement according to claim 40, char 
acterized in that the viewing grid and the motif image are 
stackable by bending, creasing, buckling or folding the data 
carrier. 

42. The depiction arrangement according to claim 1, char 
acterized in that, to amplify the three-dimensional visual 
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impression, the motif image is filled with Fresnel patterns, 
blaze lattices or other optically effective patterns, such as 
Subwavelength patterns. 

43. The depiction arrangement according to claim 1, char 
acterized in that the image contents of individual cells of the 
motif image are interchanged according to the determination 
of the image function m(x,y). 

44. The depiction arrangement according to claim 1, char 
acterized in that the motif image is displayed by an electronic 
display device, and the viewing grid for viewing the displayed 
motif image is firmly joined with the electronic display 
device. 

45. The depiction arrangement according to claim 1, char 
acterized in that the motif image is displayed by an electronic 
display device, and in that the viewing grid, as a separate 
viewing grid for viewing the displayed motif image, is bring 
able onto or in front of the electronic display device. 

46. A security paper for manufacturing security or value 
documents, such as banknotes, checks, identification cards, 
certificates or the like, having a depiction arrangement 
according to claim 1. 

47. A data carrier, especially a branded article, value docu 
ment, decorative article or the like, having a depiction 
arrangement according to claim 1. 

48. The data carrier according to claim 47, characterized in 
that the viewing grid and/or the motif image of the depiction 
arrangement is arranged in a window region of the data car 
rier. 

49. An electronic display arrangement having an electronic 
display device, especially a computer or television screen, a 
control device and a depiction arrangement according to 
claim 1, the control device being designed and adjusted to 
display the motif image of the depiction arrangement on the 
electronic display device. 

50. The electronic display arrangement according to claim 
49, characterized in that the viewing grid for viewing the 
displayed motif image is firmly joined with the electronic 
display device. 

51. The electronic display arrangement according to claim 
49, characterized in that the viewing grid is a separate viewing 
grid that is bringable onto or in front of the electronic display 
device for viewing the displayed motif image. 

c c c c c 


